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This study develops and applies a model argument regarding 
detailed, environmental analysis of layered rocks* This model argument, 
which adheres strictly to uniformitarian logic and such principles as 
Walther’s law of facies, is applied to the Devonian rocks of the Eden- 
Merrimhula area. An attempt is made to formalize the successive steps 
of environmental analysis for general application. In accordance with 
the prevailing climate of thought, the argument is based primarily on 
detailed statistical stratigraphic field and laboratory observations 
taken from one or more vertical profiles or sections with better than 
yOffo outcrop. Provided a large number of preferably unrelated obser­
vations are available from sedimentation units averaging about 5 ft., 
the environment of deposition and environmental trends of a given 
rock sequence are ascertained by closely arguing the following major 
steps on the basis of present-day depositional models:
General field characteristics - (initiation of argument plus 
internal checks)
Detailed and specific field characteristics - (check and modificat­
ion of initial argument plus internal checks)
Laboratory characteristics - (independent check and modification 
of initial argument plus internal checks)
Subsidiary aims and incidental conclusions - (incidental 
productiveness of argument)
Summary and tectonic implications - (conclusion of argument).
The Devonian strata of the map area is correlated to those of central 
and western New South Wales on the basis of tectonic facies. These 
tectonic facies equivalences do not necessarily imply the same deposition­
al environment, but are thought to represent regional or local changes 
of environmental trends in response to a changing regional tectonic
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framework. Utilizing the model argument, the depositional environments 
of the partly newly-defined Devonian stratigraphic units of the Eden- 
Merrimbula area have been ascertained in ascending stratigraphic order
as follows:
Eden Rhyolite
Quarantine Bay Member 
Rhyolite Member - Plow One
Plow Two
Plow Three
Talus slope to alluvial fan.
Nuee ardente (ignimbrite) high 
volatile content.
Nue^ ardente - moderate volatile 
content.
Viscous eruption - low volatile 
content.
Lochiel Formation
Cusack Creek Member 
Undifferentiated Lochiel 
Formation
Talus slope to alluvial fan. 
Alluvial fan and local, mainly 




Wolumla Conglomerate Member Talus slope to alluvial fan. 
Undifferentiated Twofold Alluvial fan - small braided and





Littoral and shallow neritic.
Subaqueous deltaic toward top. 
Deltaic tidal flats and passes. 
Lagoon, marsh, wind-blown dunes 
toward top.
Worange Point Formation: Subaerial top-set deltaic at base. 
Coastal plain - large meandering 
river system.
The above Devonian rocks attain a total thickness of approximately 
4000 ft. on the average, but alluvial fan deposits especially vary 
considerably from zero to I4OO ft. locally. The Quarantine Bay Member 
overlies the Ordovician Mallacoota Beds with a pronounced angular 
unconformity. Angular discordance is indicated by the contact relation-
- iii -
ship of the Eden Rhyolite and overlying strata. The contact between 
the Bellbird Creek and Worange Point Formation is classified as a 
paraconformity. The Twofold Bay Formation consists of at least 8 
fluvial fining-upwards cycles. The lower Bellbird Creek Formation 
records a minimum of 14 minor transgressions, regressions, and deltaic 
constructive and deltaic destructive deposits. The major part of the 
upper Bellbird Creek Formation groups into 8 tidal flat fining-upwards 
cycles. The Worange Point Formation includes 16 fluvial fining-upwards 
cycles which are very well defined.
The depositional slope of the Eden Rhyolite dipped gently toward 
the east, but the Ordovician unconformity had considerable topographic 
relief. The alluvian fan of the Lochiel and Twofold Bay Formations 
was building out toward the north into an asymmetrical, roughly east- 
west graben and buried local volcanic cones on the down-thrown side.
The graben displays post-Eden Rhyolite pre-Lochiel sinistral movement.
The fanhead area was located at an east-west fault scarp in the south 
of the map area. This fault scarp is interpreted to represent the 
Devonian termination of the Berridale Wrench Fault. The depositional 
slope during Bellbird Creek and Worange Point time dipped toward the 
southeast. The Bellbird Creek palaeo-coastline trend was northeast- 
southwest. The lower Bellbird Creek Formation records the only major 
Devonian transgression, which is presently dated as Upper Frasnian 
to Fameimian.
The detailed lithostratigraphic argument permits palaeoecological 
conclusions and a tidal flat or near shore environment is indicated 
for Lingula sp. Rhynchonella pleurodon,/cyrto8pirifer australis (Maxwell).
The average maximum tidal range during Bellbird Creek time was 26 ft. 
The Worange Point coastal plain meander belt was wider than miles.
For the Worange Point river system a normal low water stage of 12 ft. 
and a maximum flood stage of 51 ft. is indicated by the detailed 
statistical stratigraphic data. The tidal range of the Bellbird Creek 
Formation, and the estimates of the dimensions of the Worange Point 
river system, neglect thickness-loss due to compaction.
The Devonian elastics represent a red bed sequence. The deposits 
are similar to red beds all over the world. Deposition commenced 
with a rapid extrusion of widespread ignimbrite sheets forming one 
cooling unit, which was followed by minor local basic volcanism, which 
in turn was succeeded by paralic deposition of red beds. The inter­
relationship of colour statistics, lithology, current directions and 
depositional environment indicates that the red pignent originated 
up-palaeoslope under subaerial conditions and was transported as a 
detrital component to the final place of deposition. During subaqueous 
deltaic and marine down-palaeoslope and long-shore transport the red 
pigment suffered progressive degrees of reduction, resulting in 
progressively higher proportions of drab interbeds.
A comparison of clay mineralogy studies of the Eden-Merrimbula 
area and central New South Wales indicate a palaeoclimatic warming-up 
trend during the Upper Devonian of Eastern Australia. Following Van 
Houten (1961) warm, dry, palaeoclimatic conditions with well-drained 
depositional areas are suggested, but mean annual rainfall probably 
exceeded 25 inches in Twofold Bay time. This is in agreement with a 
palaeolatitude of 15°. The probable palaeowind direction was toward
-  V -
th e  n o r th  o r p a lae o -n o rth -n o rth w e st i f  palaeom agnetic d a ta  i s  a ccep ted .
A com parison w ith  th e  sequence o f te c to n ic  even ts o f  th e  l a t e  
C ainozoic o f  New Zealand in d ic a te s  th a t  th e  Devonian rocks s tu d ie d  
re p re s e n t  m olasse d e p o s its  in  th e  same sense as th e  p o st-o ro g en ic  
Q uaternary e x tru s iv e s  and sedim ents o f  New Zealand.
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1INTRODUCTION
Statem ent o f  aim and purpose o f  study
The aim and purpose o f  t h i s  study i s  th r e e fo ld .  F i r s t l y ,  i t  i s  
in ten d ed  to reach  some d e ta i le d  u n d e rs tan d in g  o f  th e  d e p o s it io n a l 
environm ent and te c to n ic  framework o f  th e  Devonian re d  beds o f  south­
e a s te rn  New South W ales. T his aim a lso  n e c e s s i t a te s  d e a lin g  w ith  th e  
environm ental and e ru p tiv e  h is to r y  o f  th e  a s s o c ia te d  Devonian v o lcan ic  
ro c k s .
Secondly, th i s  study i s  thought o f  a s  a  c o n tr ib u tio n  to th e  body 
o f  sy stem a tic  d e ta i le d  o b se rv a tio n s  in  re g a rd  to  A u s tra lia n  m olasse 
d e p o s its .  The d e te rm in a tio n  o f  d e ta i le d  d e p o s it io n a l environm ents in  
o rogen ic  b e l t s  i s  p a r t i c u la r ly  im p o rtan t, s in ce  i t  re p re se n ts  a  p re ­
r e q u i s i t e  fo r  v a l id  te c to n ic  in te r p r e ta t io n s .  The d e p o s its  o f  o rogen ic  
b e l t s  may be d iv id ed  in to  p re -o ro g en ic  f ly s c h  and p o s t-o ro g en ic  m olasse 
sequences. Such a d iv is io n ,  a lthough  u s e f u l ,  r e p re s e n ts  a g ross 
o v e r - s im p lif ic a t io n  and o th e r  concepts and s e ts  o f  term inology may be 
p re fe r re d  in  d i f f e r e n t  c u l tu r a l  c e n tre s  o f  v a r io u s  c o n tin e n ts . Bouma 
(1962) i s  concerned w ith  d e ta i le d  sy stem atic  o b se rv a tio n s  o f  f ly sc h  
d e p o s its , w hile  A llen  ( l9 6 2 a ,b , 1963» 1964» 1965a»^»c) i s  concentrating- 
on d e ta i le d  environm ental argum ents in  re g a rd  to  m olasse sequences o f  
th e  n o r th e rn  hem isphere. This s tu d y , a lth o u g h  commenced in  1963» i s  
meant to  b u ild  on A lle n ’s work and a ttem p ts  to  augnent i t  in s o fa r  as 
th e se  Devonian m olasse d e p o s its  a re  su b jec te d  to  some o f  Bouma* s 
m ethods, which have proven u s e fu l  in  d e ta i le d  l i th o s t r a t ig r a p h ic  and
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environm ental argum ents o f  f ly s c h  d e p o s its  o f  c o n tin e n ta l  Europe.
T h ird ly , i t  i s  hoped th a t  th i s  s tu d y , as  a  w hole, w il l  p rov ide  a 
f l e x ib le  model fo r  d e ta i le d  l i th o s t r a t ig r a p h ic  environm ental a n a ly s is  
o f  any lay e red  rock  sequence in  which the  s t r a t ig r a p h ic  s e c tio n  o r  th e  
v e r t i c a l  p r o f i l e  re p re s e n ts  the  tim e dim ension. This model argument 
r e l i e s  e n t i r e ly  on u n ifo rm ita r ia n  lo g ic  and i t s  com plexity  depends 
o n ly  on th e  d e s ire d  d e t a i l  and the  n a tu re  o f  v a r ia b le s  found in  th e  
s p e c if ic  rock  sequence. T his l i th o s t r a t ig r a p h ic  o r  sed im en to lo g ica l 
approach i s  o f  p a r t i c u la r  i n t e r e s t  g e n e ra lly  s in ce  m olasse d e p o s its , 
l i k e  many o th e r  sequences in  undeformed b a s in s , a re  n o to r io u s ly  poor 
in  f o s s i l  rem ain s, and the  d e ta i le d  methods o f  b io  s tra t ig ra p h y  a re  
th e re fo re  n o t a p p lic a b le .
In  the  f i r s t  h a l f  o f  th i s  c en tu ry , when i t  was custom ary to  a ss ig n  
g en era l d e p o s it io n a l environm ents and palaeogeograph ic  s e t t in g s  to  
rock  sequences thousands o f  f e e t  in  th ic k n e ss , such a lo g ic a l  argument 
was r e f e r r e d  to  a s  ‘'g e o lo g ic a l re a so n in g " . Due to  th e  la rg e  number o f  
v a r ia b le s  in  geology, bo th  in  term s o f  sedim ent a t t r i b u t e s  and incom ple tely  
understood  p ro cesses  which a re  c o n tin u a lly  v a ry in g  in  space and tim e, 
such g e o lo g ic a l re a so n in g  d id  no t alw ays prove 100fo su cc e ss fu l when 
subsequent fo llow -up work was undertaken . By now g e o lo g is ts  have 
le a rn ed  th a t  one v a r ia b le  o r  c r i t e r io n  can never be t ru s te d  and th a t  
any m utually  su p p o rtin g  environm ental co n c lu s io n s , which a re  derived  
from a s e r ie s  o f  f a i r l y  independent v a r ia b le s ,  apply  on ly  to  the  
s t r a t ig r a p h ic  i n te r v a l  o f  perhaps up to  one hundred f e e t ,  a t  which 
the  p a r t i c u la r  v a r ia b le s  were observed . G eological re a so n in g  in  th e  
pre-w ar y e a rs  was th u s  hampered by the  la ck  o f d e ta i le d  knowledge o f
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p re se n t-d a y  d e p o s its  and g eo lo g ica l p ro c e sse s . Such reaso n in g  was 
f u r th e r  d i lu te d  by th e  need to  g e n e ra liz e  in  ex tend ing  environm ental 
co n c lu s io n s  based on g iv en , i s o la te d  s t r a t ig r a p h ic  p o s i t io n s  to  th ic k  
rock  sequences. However, acco rd in g  to  A llen  (1965a, p .240) " I t  i s  
now con sid ered  th a t  any h y p o th esis  concern ing  th e  environment o f  
d e p o s it io n  o f  an  a n c ie n t sedim ent i s  u n te s te d , a lth o u g h  n o t n e c e s s a r i ly  
’in c o r r e c t '  u n t i l  c lo s e ly  argued and d e ta i le d  com parisons in v o lv in g  
p ro c e ss  and sedim ent a t t r i b u t e s  have been made between the  a n c ie n t 
sedim ent and sedim ents which a re  b e in g  formed today".
In  o rd e r to  reco g n ize  th e  c r u c ia l  t r a n s i t io n a l  environm ents o r 
main b reaks in  d e p o s it io n  which supply  the c lu es  to  the  m ajor env iron­
m ental tre n d s  o f  u n f o s s i l i f e r o u s  s t r a t a ,  a  d e ta i le d  knowledge o f  th e  
s t r a t ig r a p h ic  column d eriv ed  from a  n ea r 100^ exposure i s  n ecessa ry .
In  the  p a s t  20 y e a rs  th e  d e ta i le d  knowledge o f  actuogeology 
(Bouma, 1962, p .1 )  -  the  knowledge o f  re c e n t sedim ents and p re sen t-d ay  
sedim entary  p ro cesses  -  h as in c re a se d  m anyfold, and i t  i s  now custom ary 
to p re s e n t d e ta i le d ,  s t r i c t l y  u n ifo rm ita r ia n  environm ental argum ents.
In  a d d it io n , th e  p reo ccu p a tio n  o f  20th cen tu ry  c iv i l i z a t i o n  w ith  
c a ta s tro p h e s  o f  n a tu re  has r e s u l te d  in  d e ta i le d  knowledge in  vu lcano logy , 
seism ology, oceanography, and m ountain b u ild in g  p ro c e sses  in  g e n e ra l, 
which opens th e  way to  a  n e a r -u n ifo rm ita r ia n  lo g ic  in  te c to n ic  
framework in te r p r e ta t io n .
In  lo g ic a l ly  develop ing  and c o n s tru c tin g  a h y p o th e tic a l env iron­
m ental argument o f  maximal co n ten t o f  v a l id i t y ,  the  p re se n t c lim a te  o f  
thought re q u ire s  a  m ethodology w ith  a  continuous feed-back  mechanism 
fo r  p rim ary , and p re fe ra b ly  u n re la te d  o b se rv a tio n a l d a ta . In  th i s  
manner, agreem ent and disagreem ent o f  environm ental co nclusions based
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on a g re a t number o f v a r ia b le s  may be a sc e r ta in e d . The need to  
r e c o n c i le  d isagreem ents f re q u e n tly  le ad s  th e  g e o lo g is t toward new 
and unsuspected  d i r e c t io n s ,  and may y ie ld  u s e fu l and unsought a f t e r  
environm ental in fo rm atio n . I t  i s  th e se  d isagreem ents which a re  o f te n  
most h e lp fu l in  th e  lo g ic a l  development o f an argum ent.
A su b s id ia ry  aim o f  th i s  study i s  to  c o n tr ib u te  to  the  knowledge 
o f  re d  beds, s in ce  th e  Devonian sedim ents a re  predom inantly  re d  in  
c o lo u r . A s p e c ia l  e f f o r t  i s  th e re fo re  made to  r e l a t e  co lou r s t a t i s t i c s  
to  o th e r  environm ental v a r ia b le s  and th u s  s t r iv e  toward an independent 
con clu sio n  in  re g a rd  to th e  o r ig in  o f  th e  re d  c o lo u ra tio n . The re d  bed 
problem , long  recogn ized  b o th  in  geology and th e  s o i l  sc ie n c e s , has 
been fo rm u la ted , r e - s t a t e d  and review ed by Krynine (1948» 1950), Dunbar 
& Rodgers (1957)» and Van Houten (1961, 1964)« Van Houten’s (1961) 
co m p ila tio n  and c l a s s i f i c a t i o n  o f  w orld-w ide re d  bed occurrences 
p o in ts  ou t p a r t i c u la r ly  th e  need fo r  more d e ta i le d  knowledge o f  
Gondwanaland red  bed sequences which, among o th e r  c o n s id e ra tio n s , 
d i f f e r  from th o se  o f  the  n o rth e rn  hem isphere by la ck in g  a freq u en t 
a s s o c ia t io n  w ith  e v a p o r ite s . E v ap o rites  a re  p a r t i c u la r ly  sca rce  in  
th e  g e o lo g ic a l column o f  most o f  A u s tra l ia .
Area o f  s tudy
Choice o f  A rea:
S everal main c o n s id e ra tio n s  governed th e  cho ice  o f  th e  Eden- 
M errimbula a re a  fo r  th i s  s tudy ;
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1. Conolly (i960, 1962, 1965, 1965a,b,c,d,e) had recently completed 
an exhaustive study of the Upper Devonian rocks of central New 
South Wales. His study, covering a large area of N.S.W., did 
not include the southeastern part of N.S.W. (Conolly, 1965h,
Hg. 1), which includes the Eden-Merrimbula map area near the 
Victoria boundary. Detailed environmental knowledge in this 
map area could possibly facilitate a fruitful linkup with 
eastern and central Victoria, particularly with regard to the 
Mount Tambo and Avon River Groups.
2. Hall (1957» 1959)» on behalf of the N.S.W. Geological Survey, 
had recently re-mapped the Eden-Merrimbula area, and this strat­
igraphic and structural up-to-date knowledge seemed an excellent 
starting point for a detailed lithostratigraphic study.
3» The N.S.W. Dept, of Lands had recently issued provisional
Planimetrie sheets (1:50,000) for the map area and both post-war 
and recent medium to small-scale aerial photographic coverage 
(1948» 1957) was available.
4. Reconnaissance field inspections disclosed poor to passable
inland outcrop, but excellent coastal sections with near 100$ 
expo sure.
All the above considerations persuaded K.A.W. Crook, the thesis 
supervisor, and the writer that the Eden-Merrimbula area held reasonable 
promise for the purposes of the projected study, in spite of foreseeable
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s t r u c tu r a l  and lo c a l  c o r r e la t io n  problem s, due to  th e  absence o f  
d i s t i n c t  and unique m arker ho rizo n s w ith in  th e  M errimbula Group (T able 1 ).
Location  o f  a re a  and p rev ious work:
The Eden-Merrimbula a re a  o f  so u th ea s te rn  New South Wales re p re se n ts  
a  c o a s ta l  s t r i p  o f  some 200 square m ile s , a s  shown on the  lo c a t io n  map 
( Fig# 1 ). The a re a  i s  lo c a te d  between la t i tu d e  37° 07* 30" and 
36° 45 ' sou th  and extends west o f  th e  130° m erid ian  e a s t o f  Greenwich 
to  lo n g itu d e  149° 4 5 '•
Due to  m ining in t e r e s t s  in  th e  g en era l Pambula a re a , g e o lo g ic a l 
in v e s t ig a t io n s  commenced in  th e  map a re a  in  th e  l a t e  19th cen tu ry .
C larke ( i8 6 0 , 1878), P ittm an (1880), Anderson (1890), Carne ( 1896a,
1896b, 1897a, 1897h), Andrews (1901), Harper (1915)* Andrews (1916),
Harper (1926), W hitworth (1949), and Hayner & H all (1953), d e a l t  
p r im a r i ly  w ith  economic m in e ra liz a tio n  a s p e c ts . M in e ra liz a tio n  in  th e  
a re a  has been thoroughly  summarized and d iscu ssed  by H all (1957)»
Subsequent to  C arn e 's  unpub lished  p io n eer in v e s t ig a t io n s ,  Brown 
( 1930, 1931, 1932, 1933) r e p o r ts  re g io n a l reco n n aissan ce  mapping o f  th e  
south  c o as t o f  New South W ales, o f  which the  Eden-Merrimbula a re a  
re p re se n ts  a  sm all p a r t .  Brown's work, which i s  summarized by David 
( 1950» p p .246- 248 , v . l ) ,  su p p lied  th e  f i r s t  form al s t r a t ig r a p h ic  
su ccess io n  (T ab le  1 ) , and d e a lt  e x te n s iv e ly  w ith  the p e tro lo ^ r  o f  th e  
igneous and v o lcan ic  ro ck s  and th e  age o f  deform ation  o f  th e  s t r a t a .
H all (1957» 1959) re v is e d  th e  lo c a l  s t r a t ig r a p h ic  nom enclature (T able 1 ) .
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General geological setting within the Lachlan geosyncline:
Recently Conolly (l965d, p.123) published the following summary:
••The Upper Devonian sediments of central New South Wales form the 
last major phase of deposition of the Lower Palaeozoic Lachlan Geosyncline 
in New South Wales (Packham, 1962). Sedimentation in the Lachlan Geo­
syncline started in the Cambrian and continued throughout southeastern 
New South Wales during the Ordovician, Silurian and Early Devonian; 
the final filling includes terrestrial and shallow-water marine 
sediments of Late Devonian age. The Lachlan Geosyncline is noted for 
its diversity and complicated sedimentary history. The history of the 
geosyncline prior to the Late Devonian is subdivided into several 
major tectonic stages. The pre-Upper Devonian sediments were folded, 
uplifted and eroded in most parts of central New South Wales and 
subsequently formed the surface on which large thicknesses of sediment 
were deposited during the Late Devonian. The Upper Devonian sediments 
in central New South Wales are predominantly quartzose sandstones and 
siltstones with minor amounts of shale and conglomerate. They are 
now preserved in meridionally-extended outliers resting on older 
Palaeozoic rocks of the Lachlan Geosyncline. These outliers are 
normally large, openly-folded, synclinal belts separated from similar 
adjacent belts by older rocks or Tertiary to Recent alluvial deposits“.
In the case of the Eden-Merrimbula area, the Devonian rocks have 
been preserved in a regional, roughly east-west structural depression 
(Fig. 2). The outcrop pattern of the map area is dominated by 
meridional anticlinoria, whereby the Twofold Bay Anticlinorium in the 
southern part plunges north and the Tathra Anticlinorium to the north 
of the map area plunges south. In the western margin the map area
also includes
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outcrops of the Silurian to Lower Devonian Bega Granite (llg, 2). 
This pre-Upper Devonian granite complex intrudes the Ordovician (?) 
Mallacoota Beds (Table 1).
Stratigraphy of area of study
Fonnational mapping and amended stratigraphy:
The development of the stratigraphic nomenclature in the map area 
is summarized in Table 1. Hall’s (1957> 1959) work in the Eden- 
Merrimbula area established the present Devonian stratigraphic nomen­
clature for southeastern New South Wales, such as the Mallacoota and 
Ulladulla sheets. The Eden-Merrimbula area has thus been regarded as 
the type area for the New South Wales Devonian rocks south of Canberra.
The Lambie Group (Mackay, 1961), although insufficiently documented in 
terms of field occurrence and stratigraphic detail, is often regarded 
lithostratigraphically as the type area of much of the Upper Devonian 
of New South Wales. In this sense the term ’’Lambian facies" is frequently 
encountered.
In the Eden-Merrimbula area Hall's work facilitated the present 
detailed stratigraphic and environmental investigation. It is proposed 
that the Merrimbula Formation of Hall (1957) be elevated to Merrimbula 
Group and subdivided into three formations (Table 1). The proposed 
finer stratigraphic subdivision is supported by additional field mapping, 
mainly within Merrimbula Group strata (Fig. 2), and is thought to be in 
full accord with all provisions of the Australian Code of Stratigraphic 
Nomenclature (4th ed. 1964)« The new formational names have been
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re se rv e d  w ith  the  Committee on S tra t ig ra p h ic  Nomenclature as  o f  A p r il ,  
1965. L. R. H all has been co n tac ted  by th e  au th o r in  reg a rd  to th e  
above f in e r  s t r a t ig r a p h ic  nom enclature and has r a is e d  no o b je c t io n s .
The fo rm atio n a l mapping and s t r u c tu r a l  f i e l d  work (F ig . 2) 
d is c lo s e s  innum erable m erid io n a l fo ld s  o f  a t  l e a s t  fou r o rd e rs  o f  
m agnitude. The f i r s t  o rd e r Twofold Bay and T a th ra _ a n tic l in o r ia  have 
n o t p re v io u s ly  been reco g n ized . Most o f  the  second o rd e r fo ld s  have 
been named by H all ( 1957)> who a lso  mapped about 2096 o f  th e  th i r d  and 
fo u r th  o rd e r fo ld s  (F ig . 2) .
The p re se n t study summarizes about seven months o f  f i e l d  work.
Regional c o r r e la t io n  w ith in  th e  Lachlan G eosyncline:
Although the  w r i te r  d id  n o t c a rry  ou t f i e l d  work o u ts id e  o f  th e  
map a re a , and i s  on ly  s u p e r f ic ia l ly  fa m il ia r  w ith  the f i e l d  occurrence  
o f  the  s t r a t a  d e a l t  w ith  by Conolly ( 1965c,d), i t  i s  d e s ira b le  to  a ttem p t 
to  r e l a t e  fo rm ally  th e  Eden-Merrimbula rocks to  those  o f  th e  r e s t  o f  
New South W ales.
On th e  b a s is  o f  l i th o lo g y , g en era l age, r e l a t i v e  th ick n ess  r a t i o s ,  
c o lo u r, and p a r t ly  d i r e c t io n  o f  sedim ent t r a n s p o r t ,  the  fo llo w in g  te c to n ic  
fa c ie s  eq u iv alen ces  a r e  suggested  between th e  Eden-Merrimbula ro ck s  and 
C o n o lly 's  s e c tio n  a t  th e  Koorawatha Syncline (T able 2) .  This sy n c lin e  
r e p re s e n ts  C o n o lly 's  southernm ost c o n tro l ,  and i s  thus c lo s e s t  to  the  
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I t  may be no ted  th a t  th e se  f a c ie s  equ ivalences d i f f e r  s l ig h t ly  
w ith in  th e  Beargam il Sub-group from th e  s t r a t ig r a p h ic  o u t l in e  g iven  by 
Conolly (l965d , Table I ,  p .1 2 5 ) . These te c to n ic  fa c ie s  eq u ivalences 
do n o t n e c e s s a r i ly  imply the  same d e p o s it io n a l environm ent, b u t the 
s t r a t ig r a p h ic  d i s c o n t in u i t ie s  a re  thought to re p re se n t re g io n a l or 
lo c a l changes o f  environm ent tre n d s  in  response  to  a  changing re g io n a l 
te c to n ic  framework.
U t i l i z in g  C onolly ’s ( l% 5 d ) in te r n a l  c o r r e la t io n s ,  Table 2 im p lie s  
the  r a th e r  obvious co n c lu s io n  th a t  th e  L ochiel fb rm ation , p lu s  th e  
Merrimbula Group o f  so u th e a s te rn  New South W ales, r e p re s e n ts  th e  te c to n ic  
fa c ie s  equ ivalence  o f  th e  Mulga Downs and Cocoparra Groups o f  th e  
W estern P rov ince , th e  Hervey Group o f  th e  C en tra l P rov ince , and Catombal 
and Lambie Groups o f  th e  E as te rn  P rov ince .
In  a d d it io n , th e  fo llo w in g  s p e c if ic  te c to n ic  f a c ie s  eq u iv a len ces  
a re  a lso  suggested :
Worange P o in t Form ation eq u iv a len t to  Cookamidgera Sub-group 
and Rankin R>rmation
Upper B e llb ird  Creek p lu s  Worange P o in t Form ations e q u iv a len t 
to  Canangle Sub-group and Upper Red bed sequence o f  Lambie 
Group
B e llb ird  Creek Form ation eq u iv a len t to  Nangar Sub-group and p a r ts  
o f  Womboyne Form ation
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The rem arkably conv incing  equ ivalences shown in  Table 2 fu r th e r  
suggest th e  fo llow ing  s p e c if ic  equ ivalences to  th e  Hervey Group;
T ectonic f a c ie s  equ ivalences
Worange P o in t Ebrmation B u r r i l l ,  Eurow, Koorawatha, B elvedere
Form ations (and th e  u n d if f e r e n t ia te d  Upper 
Red beds a t  Tullam ore, Trundle-Bogan Gate 
and M urda).
Upper B e llb ird  Creek
Ib m a tio n  Caloma Sandstone, Bumberry Form ations.
Lower B e l lb ird  Creek Mandagery Sandstone, T ro ffs  Form ation p lu s
Form ation Cloghnan Shale, Condobolin Form ation.
L och ie l p lu s  Twofold d a g g e r  Sandstone p lu s  Kadina Form ation,
Bay Form ations Peaks Sandstone p lu s  Hunter S i l t s to n e ,
Bendick Form ation, Bogan Gate Sandstone.
Since th e  lower B e llb ird  Creek Formation w i l l  be shown to  rec o rd  
a  m ajor t ra n s g re s s iv e  phase , th e  ease w ith  which te c to n ic  f a c ie s  
eq u iv a len ces , on th e  b a s is  o f  se v e ra l c r i t e r i a ,  may be drawn up s tro n g ly  
su g g es ts  th a t  New South Wales experienced  on ly  one m ajor t ra n s g re s s iv e  
phase d u rin g  Upper Devonian tim e. P resen t d a tin g  o f  th e  B e l lb ird  Creek 
Form ation p la ce s  the  time o f  tra n s g re s s io n  as  Famennian, b u t exam ination 
o f  th e  w r i t e r ’ s f o s s i l  c o l le c t io n  by T alen t (p e rs . commun.) su g g ests  
th a t  i t  may be Upper F rasn ian . F in a l placem ent o f  th e  tra n s g re s s io n  
w i l l  have to  aw ait T a le n t 's  p u b lic a t io n .
The r e la t io n s h ip  o f the  B e l lb ird  Creek tra n s g re s s io n  to  o th e r  
w orld-w ide Upper Devonian t ra n s g re s s iv e  phases i s  beyond th e  scope o f  
th i s  s tu d y .
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F ie ld  measurements and lo c a l  c o r r e la t io n s :
In  o rd e r to  c o n s tru c t  a  r e p re s e n ta t iv e  v e r t i c a l  p r o f i l e  o f  th e  
Devonian s t r a t a ,  i t  was n e ce ssa ry  to  measure and c o r r e la te  f i f t e e n  
s t r a t ig r a p h ic  s e c t io n s . The lo c a t io n s o f  th e se  s e c t io n s , which a re  
la b e l le d  JS1 to  JS15, a re  shown on th e  g e o lo g ic a l map (p ig . 2 ).
A t o t a l  o f  over 6000 f t .  o f  s t r a t a  was m easured. A ll sedim entary  
and one r h y o l i t e  s e c tio n s  were measured in  d e t a i l  (F ig . 4»8>9»10, Table 8) 
w ith  a  5 f t .  s t a f f ,  and the  l i th o lo g y  shown on F ig . 3>4>40 re p re s e n ts  
o v e r - s im p lif ic a t io n .  These d e ta i le d  s e c tio n s  amount to  some 4 OOO f t .  
and l i th o s t r a t ig r a p h ic  o b se rv a tio n s  were reco rded  in  term s o f  some 5 0 0  
sed im en ta tio n  u n i t s ,  o r an average  o f  about 8 f t .  p e r  u n i t .  A ll u n i t s  
were sampled a t  l e a s t  once, and some 260 th in  se c tio n s  cu t o f  th e  
a r e n i t e s .  The covered  in te r v a l s  o f  JS9, JS14> and th e  top o f  JS8, were 
c a lc u la te d  on th e  b a s is  o f  tr ig o n o m etr ic  and s t r u c tu r a l  f i e ld  in fo rm a tio n .
The f i f t e e n  s tra tig ra p h ic  sec tio n s  are correla ted  on the b a s is  o f  
stra tig ra p h ic  p o s it io n , l i th o lo g y , and f ie ld  re la t io n sh ip s  (F ig . 3 »40)» 
H a ll's  (1957) Wolumla Peak sec tio n  has been correlated  on the b a s is  o f  
the same c r i t e r ia  as the o th er sec tio n s  (p ig . 3 ) .
The r e l i a b i l i t y  o f  a d e ta ile d  environmental in terp re ta tio n , based 
on sedim entation u n its  o f  an average th ickness o f  8 f t . ,  depends very  
much on the r e la t iv e  th ick n ess o f  u n its  recognized and described in  the 
f i e ld .  This th ick n ess , in  turn, depends on the time and care taken in  
the f i e ld ,  con sid era tion s o f  a c c e s s ib i l i t y  and exposure and, to some 
ex ten t, on the nature o f  in terb ed s. The th ickness o f  a g iven  "sediment­
a tio n  unit" (P e ttijo h n , 1957» P*158) depends on the d e f in it io n  o f  th is  
term, and i t  must a lso  be environment s e n s it iv e , s in ce  the ra te  o f
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sed im en ta tio n  d i f f e r s  from environment to  environm ent. Depending on 
the  d e s ire d  d e t a i l ,  th e  th ic k n e ss  o f a u n it  w i l l  l i e  between th e  
th ic k n e ss  g iven  by th e  d iam eter o f  a  d e t r i t a l  g ra in  and g e n e tic a l ly  
ob v io u sly  r e la te d  r e s i s t a n t  o r re c e s s iv e  u n i t s  o f  th e  o rd e r o f  hundreds 
o f  f e e t .  This s tudy  was n o t c a r r ie d  o u t on th e  le v e l  o f  lam inae, b u t 
a  lower l im i t  o f  1 f t .  p e r  u n i t  was a r b i t r a r i l y  chosen. U nits o f  l e s s  
than 1 f t .  have been measured and d esc rib ed  in  ex cep tio n a l cases  o n ly . 
Many o f  th e  sm alle r u n i t s  from 1 to  5 f t .  have l a t e r  been lumped in  
the  course  o f  in te r p r e ta t io n .  Abrupt changes in  p h y s ica l c h a r a c te r i s t i c s ,  
such a s  c o lo u r , g ra in  s iz e ,  sh a le  p a r t in g s ,  e ro s io n a l su rfa c e s , 
sed im entary  s t r u c tu r e s ,  d iastem s, e t c . ,  have been chosen a s  boundaries 
between sed im en ta tio n  u n i t s ,  p rov ided  they  occur in  in te r v a ls  o f  more 
than  1 f t .  G radational changes w ith in  a  u n i t  a re  reco rded  s e p a ra te ly  
under th e  p a r t i c u la r  u n i t .
Method o f  environm ental a n a ly s is
The l i th o s t r a t ig r a p h ic  method o f  a n a ly s is  i s  th a t  o f  g e o lo g ic a l 
re a so n in g  employing a u n ifo rm ita r ia n  lo g ic .  Such reaso n in g  i s  bound to  
be much more d e ta i le d  and perhaps more v a l id  today than  in  th e  f i r s t  
h a l f  o f  t h i s  c e n tu ry , s in ce  Recent d e p o s its  and p re sen t-d ay  p ro c e sse s  
o f  sed im en ta tio n  a re  much b e t t e r  known. On th e  o th e r  hand, th e  immense 
volume o f  l i t e r a t u r e  a v a i la b le  on th e se  s u b je c ts ,  and th e  s c a rc i ty  o f  
u p - to -d a te  com prehensive rev iew  p apers  and sy n th ese s , n e c e s s i ta te s  
having  to  r e ly  h e a v ily  on a l im ite d  number o f  th e  most d e ta i le d  re c e n t 
s tu d ie s  o f  p re se n t-d a y  d e p o s its  and p ro c e sse s , and hope th a t  th e se
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stu d ies  incorporate the major bulk o f  s ig n if ic a n t  knowledge in  regard 
to the given environment. These d e ta iled  stu d ies  represent the 
uniform itarian  environmental models in  th is  argument.
A system atic procedure, or a t le a s t  a ra tio n a l scheme o f  procedures, 
i s  required for any research . Since th is  environmental study deals  
w ith e ig h t major s tra tig ra p h ic  u n its  (5 Formations, 3 Members), i t  i s  
d esira b le  to form alize the lo g ic a l  s te p s , which g e o lo g is ts  con sciou sly  
or unconsciously take in  the course o f  such an a n a ly s is . I t  i s  obvious 
that the environmental models should be as general and abstract as 
p o ss ib le , so that the process o f  m odifying the model in  some s ig n if ic a n t  
resp ect can be kept under co n tro l. Due to the large  number o f  v a r ia b les  
in  geology, s in g le  observations have much le s s  value than any kind o f  
s t a t i s t i c a l  data.
A lith o str a t ig r a p h ic  model argument in  regard to d ep osition a l 
environments may c o n s is t  o f  the fo llow in g  steps:
1 . General f i e ld  c h a r a c te r is t ic s  ( in i t ia t io n  o f  argument).
(a) Visher models ( i n i t i a l  step)
A nalysis o f the most general system atic and random observational 
data, in  th is  case the lith o str a t ig r a p h ic  f i e ld  c h a r a c te r is t ic s .  
This step  y ie ld s  the choice o f  the most promising environmental 
model or models. In th is  study, the Visher (1965) models 
are u t i l i z e d  for th is  purpose in  regard to the c la s t ic  u n its .
(b) B io fa c ie s  (confirm ation or m od ification  o f  i n i t i a l  s te p ).
The b io fa c ie s  c h a r a c te r is t ic s  are then used to confirm or
lim it  the choice o f  the Visher models.
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2 . D eta iled  f i e ld  c h a r a c te r is t ic s  (Main in tern a l check and m od ifica tion
o f  i n i t i a l  argument)
(a) D eta iled  model ( i n i t i a l  check)
A nalysis o f  system atic and s t a t i s t i c a l  d e ta iled  l i t h o s t r a t -  
igraphic f i e ld  c h a r a c te r is t ic s . In th is  study Bernard & 
Major’s (1963) a l lu v ia l  'sand' model, and Evans’ (1965) t id a l  
f l a t  model, are u t i l iz e d .
(b) A ltern a tiv e  d e ta iled  models (confirm ation or m od ification  
o f  i n i t i a l  check).
In th is  study referen ce i s  made to Doeglas (1962), Van 
Straaten ( 1961) ,  Scruton ( i9 6 0 ) , e tc .
3. S p ec ific  f i e ld  c h a r a c te r is t ic s  (Further check and m od ifica tion  o f
i n i t i a l  argument)
(a) V ectoria l data, i . e .  c r o s s - s t r a t if ic a t io n , e tc . A nalysis  
in clu d es general data and b u i l t - in  in tern a l checks o f  
d e ta ile d  data.
(b) Scalar stra tig ra p h ic  data, i . e .  proportion o f  l i t h o lo g ie s ,  
th ick n ess , e tc .
A nalysis should include general data and b u i l t - in  in tern a l 
checks.
4. Laboratory c h a r a c te r is t ic s  (independent check o f  i n i t i a l  argument)
(a) Granulometric a n a ly s is , i . e .  th in  sec tio n  s iz e  a n a ly s is . 
A nalysis in clu d es in tern a l checks by using various methods.
(b) A renite c la s s i f i c a t io n  -  micrometric a n a ly s is , i . e .  m aturity, 
roundness, m atrix, m icas, e tc . -  v a r ia b les  are checked aga in st  
each other for co n sisten cy .
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5» S u b s id ia ry  aims ( c r i t e r i a  which a re  to  he proven o r which a re
susp ec ted  to have a d e f in i te  r e la t io n s h ip  to  th e  i n i t i a l  argument 
o r  o f f e r  s p e c if ic  new c r i t e r i a  which emerged from a n a ly s is ) .
(a ) Colour s t a t i s t i c s .
(b) Clay m ineralogy.
(c ) Palaeowind d i r e c t io n .
(d) O ther, i . e .  s p e c if ic  p a lae o e co lo g ica l o r p a la e o c lim a tic  
co n c lu s io n s .
6. In c id e n ta l  co n c lu sio n s  -  le s s  well-known s t r a t ig r a p h ic  u n i t s
( e .g .  Cusack Creek and Q uarantine Bay Members) a re  compared w ith  
well-docum ented "units ( e .g .  Wolumla Conglomerate) on th e  b a s is  o f  
a t  l e a s t  two c r i t e r i a .  There a re  a lso  o th e r  environm ental and 
palaeogeom orphological co n c lu s io n s  in  th e  case  o f  th i s  s tu d y .
7» Summary and te c to n ic  framework im p lic a tio n s  on th e  b a s is  o f  
s t r u c tu r a l  in te r p r e ta t io n s  and environm ental co n c lu s io n s .
In  p re s e n tin g  th e  fo llo w in g  argument i t  i s  no t always p o s s ib le  to 
adhere  s t r i c t l y  to  th e  above o rd e r , s in ce  th e  a n a ly s is  i s  p re se n te d  in  
ascend ing  s t r a t ig r a p h ic  o rd e r , and s in c e  i t  i s  custom ary to  combine 
r e la te d  to p ic s .  The n a tu re  o f  th e  Eden R h y o lite  and L och ie l Form ations 
n e c e s s i ta te d  s l ig h t ly  d i f f e r e n t  s te p s ,  b u t th e  a n a ly s is  fo llo w s th e  
same m ajor p a t te r n ,  as  fo llo w s:
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General f i e ld  c h a r a c te r i s t i c s  -  ( i n i t i a t i o n  o f  argument p lu s  in te r n a l  
ch ec k s).
D e ta iled  and s p e c if ic  f i e ld  c h a r a c te r i s t i c s  -  (check and m o d if ic a tio n  
o f  i n i t i a l  argument p lu s  in te r n a l  ch eck s).
L aborato ry  c h a r a c te r i s t i c s  -  (independent check and m o d if ica tio n  o f  
i n i t i a l  argument p lu s  in te r n a l  checks).
S ubsid ia ry  aims and in c id e n ta l  co n c lu s io n s  -  ( in c id e n ta l  p ro d u c tiv e n ess  
o f  argum ent).
Summary and te c to n ic  im p lic a tio n s  -  (co n c lu sio n  o f  argum ent).
Terminology
In  g e n e ra l, term s l i s t e d  in  G lossary  o f  Geology (Howell e d . , 1957) 
a re  used w ithou t re fe re n c e . The p re s e n t w orld-w ide term inology o f  
l i th o s t r a t ig r a p h y ,  geomorphology and sedim entology i s  by no means 
s tan d a rd iz e d , p a r t i c u la r ly  in  re g a rd  to  sedim entary  s t r u c tu r e s .  A ll 
f i e ld  evidence i s  reco rded  in  term inology and symbols acco rd in g  to  Bouma 
(1962) ( i l g .  11 to  2 1 ). Most o f th e se  symbols, w ith  s l ig h t  m o d if ic a tio n s , 
a re  in  w idespread u se  in  th e  petro leum  in d u s try . The f i e ld  photographs 
a re  compared p a r t i c u la r ly  w ith  the  A tla s  o f  Sedim entary S tru c tu re s  
(P e tt i jo h n  & P o t te r ,  1964) .  In  employing v a rio u s  re c e n t environm ental 
models th e  term s o f  th e  r e s p e c tiv e  au th o rs  a re  adop ted , which causes 
some m inor te rm in o lo g ica l problems w ith  re g a rd  to  th e  Bouma lo g . For 
in s ta n c e , th e  term s tra n s v e rs e  mega r ip p l e s ,  mega r ip p l e s ,  g ia n t  r i p p l e s ,
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and large-scale cross-stratification of a certain type are used 
synonomously.
In general, the terminology of Pettijohn (1957)» and Polk (1959)» 
is used. With regard to sandstone classification, Crook’s (i960) MLQ 
and QPK diagrams are utilized. In regard to the Eden Rhyolite, the 
terminology of the respective Professional Papers (354F,366,424D) 
the U.S.G.S. is employed. If other terminology is used, the reference 
is cited at least once.
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ANALYSIS OF THE EDEN RHYOLITE
The Eden Rhyolite (Table 1) has been defined by Hall (1957)* 
Frequently the basal rhyolite flow is  underlain by a lenticular conglom­
erate which has the general appearance of a fanglomerate (Dunbar & 
Rodgers, 1957» p.174)* This conglomerate i s  defined as the basal 
member of the Eden Rhyolite, and i s  designated The Quarantine Bay Member. 
The overlying undifferentiated rhyolite i s  termed The Rhyolite Member.
The R h y o lite  Member w i l l  be shown to  c o n s is t  o f  th re e  flow s, r e f e r r e d  to  
in  ascend ing  s t r a t ig r a p h ic  o rd e r a s  Flow One, Flow Two, and Flow Three.
I t  was n o t a ttem p ted  to  map th e  th re e  flow s s e p a ra te ly .
The Q uarantine Bay Member 
G eneral C h a r a c te r i s t i c s ;
The Q uarantine Bay Member pebb le  conglom erate i s  c h a r a c te r i s t i c  
(F ie ld  photographs Dre) s in ce  i t  c o n ta in s  only  w e ll-lam in a ted  greywacke 
p h e n o c la s ts , s l a t e s ,  some v o lc an ic  ro c k s , and in tra fo rm a tio n a l sh a le  
c l a s t s .  The sandstone u n i t s  a re  l i t h i c  a r e n i te s ,  w ith  l e s s  than  20jo 
q u a rtz  (T able 17, F ig . 26 ). In  th e  Eden-Merrimbula a re a  th e  Q uarantine 
Bay Member i s  o f te n  p o o rly  exposed and i s  non-red  in  c o lo u r. This 
Member i s  s e p a ra te d  from th e  M allacoo ta  Beds (T able 1) by a  m ajor 
an g u lar unconform ity  (F ie ld  photographs Dre) and appears conform able 
w ith  th e  o v e rly in g  R h y o lite  Member. At Q uarantine Bay, near Eden, th e  
b a sa l conglom erate d is p la y s  a maximum development o f  25 f t . ,  b u t where 
p re se n t i t  i s  up to  5 f t .  th ic k  and i s  sometimes f in e r -g ra in e d .
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The fo llo w in g  ou tc ro p s  can be lo c a te d  e a s i ly :
(1) Q uarantine Bay, Eden -  25 f t .  conglom erate.
(2) P i lo t  House, M iddle Head, Eden -  5 f t .  conglom erate, l e n t i c u l a r .
( 3) Edrom -  5 f t .  cover o v e r la in  by an 8 f t .  seem ingly s e p a ra te  r h y o l i te  
u n i t  w ith  la rg e  sp h ero id s  (1 to 2 f t .  d iam .) and la rg e  b lo ck s  o f  
u n d ig e s ted  M allacoota greywacke.
(4 ) Bournda Is la n d  -  zero f e e t ,  M allacoota Beds d i r e c t ly  o v e r la in  by 
6 f t .  r h y o l i t i c  agglom erate u n i t  w ith  u n d ig ested  fragm ents o f  
M allacoo ta  greywacke (and some a irb o rn e  v o lcan ic  fragm ents ? ) .
(5) T a th ra , n ea r w harf -  5 f t .  cover (o u ts id e  o f  map a r e a ) .
(6) Goalen P o in t -  co n s id e ra b le  th ic k n e ss  o f  f o s s i l i f e r o u s  s t r a t a  
u n d e rly in g  Eden R h y o lite  (H a ll, p e rs .  commun.) o u ts id e  o f  map a re a . 
Here the  Q uarantine Bay Member eq u iv a len t c o n ta in s  p la n t  fragm ents 
and re p re se n ts  a re d  bed sequence.
There ap pears  to  be an a r e a l  v e r t i c a l  c o r r e la t io n  between th e  
r e l a t i v e  th ic k n e ss  development o f  th e  Wolumla Conglomerate Member 
(T able 1) and the  Q uarantine Bay Member, o r wherever i t s  covered e q u iv a len t 
has been observed .
Some o f  th e  known th ic k n e sse s  compare a s  fo llo w s:
L ocation  Q uarantine Bay Wolumla Conglomerate
__________________________________ Member Member_______________
Q uarantine Bay, N etherco te  Rd. 25 f t .  cong l. 40 ft»  con g l.
Middle Head, Convent 5 f t .  congl. 27 to  3 f t .  cong l.
Edrom 5 f t .  cover 5 f t .  con g l.
Bournda I s la n d , Bournda Mtn. zero 5 ft«  l a t e r a l l y  d is ­
con tinuous
Shadracks Creek few f t .  to  zero zero (n o t observed)
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No such c o r r e la t io n  seems apparen t between th e  Q uarantine Bay Member 
and the  Cusack Creek Member (T able 1 ), as judged from p re se n t knowledge 
o f  th i s  l a t t e r  Member.
In  the  course  o f  f i e ld  work o th e r  o u tc ro p s  o f  the  Q uarantine Bay 
Member, a l l  o f  them p o o rly  exposed, have been no ted  in  le s s  a c c e s s ib le  
l o c a l i t i e s ,  p a r t i c u l a r ly  in  th e  nose o f  th e  Box Range A n tic lin e , th e  
co re  o f  th e  Bald H i l l s  A n tic lin e , and a t  th e  O rdovician unconform ity  in  
th e  headw aters o f  Shadracks Creek, where th e  u n i t  i s  maxim ally a  few f e e t .  
There a r e  many l o c a l i t i e s ,  l i k e  Boumda I s la n d , where th e  Q uarantine Bay 
Member i s  m iss in g  and th e  R h y o lite  Member d i r e c t ly  o v e r l ie s  th e  
M allacoota  Beds. Such l o c a l i t i e s  a re  o f te n  c lo se  to  o u tc ro p s  where 
the  Wolumla Conglomerate has a  sm all maximum g ra in  s iz e ,  o r i s  com parat­
iv e ly  th in ,  o r  where i t  i s  e s s e n t ia l ly  m issing .
Nine d i r e c t io n a l  re ad in g s  (F ig . 24, b a sa l r o s e t te )  have been o b ta in ed  
from upstream  im b ric a tio n  and c r o s s - s t r a t i f i c a t i o n  a l l  over th e  map 
a re a  (F ie ld  photographs D re), b u t t h e i r  v a l id i ty  i s  u n c e r ta in . The 
minimum arrow  p o in ts  toward th e  northw est (F ig . 24), but th e  spread  o f  
re a d in g s  i s  la rg e .  A g e n tly  e a s te r ly  d ipp ing  d e p o s it io n a l s lope  w ith  
lo c a l  topography cou ld  be expected to  d isp la y  a la rg e  spread  o f  c u rre n t 
d i r e c t io n  re a d in g s .
Ehvironment o f  d e p o s it io n :
The environm ental im p lic a tio n  in  th e  f i e l d  c l a s s i f i c a t i o n  o f  
fang lom erate  i s  supported  by th e  u se  o f  Crook’ s (i960) MLQ and QFR 
diagram s (se e  Sedim entary P e tro lo g y  and F ig . 26 & 30 ) and th e  Environ­
m ental A n alysis  o f  th e  R h y o lite  Member, which p o in ts  c le a r ly  tow ard a
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s u b a e r ia l  environm ent.
The most probab ly  environm ent o f  d e p o s it io n  o f  the  Q uarantine Bay 
Member i s  th e re fo re  thought to re p re se n t th e  same a s  th a t  o f  th e  Wolumla 
Conglomerate Member, which w i l l  be shown to  be ta lu s  slope  to  a l lu v i a l  
fa n .
R h y o lite  Member 
Summary o f  f i e ld  o b se rv a tio n s :
The main Eden R h y o lite  s e c tio n  (JS3, 475 f t . )  a t  Middle Head, Eden 
(F ig . 2 , $ ) ,  was c o r re la te d  to  th e  base  o f  th e  Convent s e c tio n  (JS1, 45 f t . )  
by f i e l d  r e la t io n s h ip s .  This com posite s e c tio n  o f  th e  r h y o l i te  sequence 
amounts to 520 f t .  -  5 o f  which th e  uppermost 20 f t .  which im m ediately 
u n d e r l ie s  the  Wolumla Conglomerate Member ( JSl )  has n o t been sampled, 
due to  severe  w eathering  and p a r t i a l  cover. The s t r a t ig r a p h ic  p o s i t io n  
o f  th e  hand specimen and th in  s e c tio n s  i s  shown a t  Column 5 » F ig . 4 *
The ro ck s  a re  fo ld e d , c u t by dykes, and minor f a u l t in g  has a lso  been 
observed . A s e r ie s  o f  f i e ld  photographs (Dre) a re  inc luded  in  th e  
i l l u s t r a t i o n  volume in  ascend ing  s t r a t ig r a p h ic  o rd e r .
The l i th o lo g y , in  term s o f  f i e l d  nom enclature, c o n s is ts  o f  r h y o l i t e ,  
f e l s i t e ,  r h y o l i t e  b re c c ia , and agglom erate (F ig . 2 ) . The m ajor p a r t s  
o f  Flow One and Two have a lam inated  appearance. Flow Three com pletely  
la ck s  th i s  lam inated  appearance , and i s  more m assive. R h y o lite  b re c c ia  
tongues a re  r e s t r i c t e d  to  th e  b a sa l 150 f t .  o r Flow One. Flow Three, 
a t  JS1, a lso  c o n ta in s  r h y o l i t e  b re c c ia  horizons which a re  a s s o c ia te d  
w ith  d y k e -lik e  fe a tu re s  w ith  p re - fo ld in g , v e r t i c a l  flow p lan es  (F ie ld  
pho tographs, D re ). The flow  p lan es  a re  roughly  o rthogonal to  th e  p re ­
fo ld in g  com paction and w eld ing  p la n e s . These flow  p la n e s , which co n ta in
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re d d is h  w eath erin g  p y ro c la s t ic  in c lu s io n s , a re  tre n d in g  rough ly  
n o rth -so u th  and u n id i r e c t io n a l  flow , a s  judged from e lo n g a tio n  and 
s t r e tc h in g  o f  in c lu s io n s ,  i s  thought to  have taken  p la ce  toward th e  
n o rth  (F ig . 4» Column 23 ). Numerous read in g s  were taken  on one m ajor, 
e s s e n t ia l ly  con tinuous d y k e -lik e  f e a tu re  w ith in  th e  w e ll-exposed , la rg e  
o u tc ro p . The p y ro c la s t ic  in c lu s io n s , shard  fragm ents, and l a p i l l i  
(photom icrographs Dre) a re  taken  to  in d ic a te  th a t  th i s  d y k e -lik e  fe a tu re  
was in tru d e d  a t  th e  su rfa c e , s in ce  i t  in c o rp o ra te s  a irb o rn e  m a te r ia l .
The b a sa l 25O f t .  d isp la y s  com paratively  c lo s e ly  spaced, w e ll-d ev e lo p ed , 
columnar jo in t in g  (Brown, 1931» p la te  20, Rig. 1; H a ll, 1957» F ig . 4 3 ), 
whereas in  th e  upper 25O f t .  columnar jo in t in g  i s  le s s  d i s t i n c t  and 
more w idely  spaced o r ab sen t (F ig . 4» Column 24 ). In  m easuring th e  
s e c tio n  (JS3) a t  Middle Head, one com paratively  in d i s t i n c t  "flow  c o n ta c t" , 
tra c e a b le  fo r  te n s  o f  f e e t ,  was observed a t  265 f t .  (F ig . 4» approxim ate 
g r id  re fe re n c e : 294*5 E, 426 .2  N o f  Rig. 2 ) . The co lou r o f  th e  rocks
v a r ie s  from g re e n ish -g rey  to  redd ish-brow n, whereby the  re d d ish  hues 
occur below th e  above-m entioned flow c o n ta c t and in  th e  top 225 ft*
(F ig . 4» Column 2 1 ,2 2 ), and re p re se n t "reddened to p s" . The b a sa l 2 f t .  
o f  th e  R h y o lite  Member c o n ta in  a l ie n  rock  fragm ents o r x e n o li th s  o f  
pebb le  s iz e .  No flow  c o n tac t was no ted  in  th e  f i e l d  between Flows Two 
and Three (F ig . 4» Column 12), a lth o u g h  some vague d is c o n t in u ity  e x i s t s ,  
s in ce  Flow Three com pletely  la ck s  th e  vaguely lam inated  (d is c o id a l  
le n se s  o f  co a rse  c r y s t a l l i z a t i o n )  c h a ra c te r  o f  th e  m ajor p o r t io n s  o f 
Flows One and Two. The lam in a tio n s  re p re se n t compaction p la n es  (Ross 
and Smith, 1961), due to  w eld ing . Since com paction tak es  p la c e  under 
th e  in f lu e n c e  o f  t e r r e s t r i a l  g ra v i ty , due to  o v e rly in g  load  d u rin g  the
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w eld ing  and c r y s t a l l i z a t i o n  p ro c e sse s , th e se  compaction p lan es  a re  
bedding p lan e  e q u iv a le n ts .
M icrom etric A n a ly s is :
Method and p r e s e n ta t io n : Thin se c tio n s  o f  fo u r te e n  s t r a t ig r a p h ic a l ly
c o n tro l le d ,  r e p re s e n ta t iv e  hand specimens o f  r h y o l i t e ,  p o rp h y r it ic
r h y o l i t e  and ig n im b r ite  were su b jec te d  to  a m icrom etric  a n a ly s is  o f  a l l
m ajor c o n s t i tu e n ts  (F ig . 4)» and a s e r ie s  o f  photom icrographs i s  g iven
in  th e  i l l u s t r a t i o n  volume. The s t r a t ig r a p h ic  p o s i t io n  o f  th e se  th in
se c tio n s  i s  shown on f i g .  4» Column 5- The a n a ly s is  was c a r r ie d  o u t
p o in ts
by count o f  500 to  1600/p e r th in  s e c tio n , depending on vary in g  frequency , 
c r y s t a l l i n i t y ,  and s iz e  o f  s t r u c tu r e s  id e n t i f i e d  (Van der P la s  & Tobi, 
1965) .  Due to  w eath erin g , r e c r y s t a l l i z a t i o n ,  and p o s s ib le  low -grade 
metamorphic m o d if ic a tio n s , on ly  th e  s im p lest m in e ra lo g ica l id e n t i f i c a t io n s  
were made, such a s  n a tu re  o f  m atrix  (a sh , sh a rd s , l a p i l l i ,  *'g la s s ” , 
d e v i t r i f i e d  m a tr ix ) ,  fe ld s p a r  and q u a rtz  p h en o cry sts , x e n o lith s  o r o th e r  
a l i e n  fragm en ts , o ld e r  t u f f  fragm ents, m iscellaneous o b je c ts ,  pumice, 
m odified  o r d estro y ed  pumice (d is c o id a l  le n se s  o f  co arse  f e ld s p a r -  
q u a rtz  r e c r y s t a l l i z a t i o n ) ,  g la s s  fragm ents (n o n - c ry s ta l l in e ,  dark 
brown, opaque m a te r ia l ,  which i s  f re q u e n tly  p a r t i a l l y  d e v i t r i f i e d  a t  th e  
m arg in s), lith o p h y sa e  and s p h e ru l i te s  (Photom icrographs, D re).
W elding e s t im a te s : An a ttem p t was made to  e s tim a te  th e  degree o f
w elding ( f i g .  4> Column 12) by th e  n a tu re  o f  th e  shards and pumice 
fragm ents, s in c e  i t  was found im p ra c tic a l to  apply  to  th e se  Devonian 
ro ck s  P e te r s o n 's  (1961) method, which i s  based on f la t te n in g  r a t i o s  o f  
pumice fragm ents . The fo llo w in g  c r i t e r i a  in  re g a rd  to  degree o f
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w elding were deaned w orkable fo r  th e  Eden R h yo lite  sequence a t  Eden 
(JS3, JS1):
"No w elding"




D e lic a te  shard  s t ru c tu re s  a re  p re se rv ed .
N early  sp h e r ic a l  po res o f  pumice fragm ents a re
sometimes p rese rv ed  (Ross & Smith, 1961, F ig . 19)*
Pumice fragm ents a re  o f te n  co llap sed  w ith  f ib ro u s
tu b u la r  s t ru c tu re  (Ross & Smith, 1961, Pig. 44)»
S tre tc h in g  and m o d if ica tio n  o f  shards i s  a p p a ren t.
C ollapsed  pumice fragm ents and some d is c o id a l le n se s  
o f  co arse  r e c r y s t a l l i z a t i o n  a re  p re s e n t .
The l a t t e r  a re  thought to re p re se n t much m odified
pumice fragm ents (Ross & Smith, 1961, F ig . 16-29, 
58).
S h a rd - lik e  s t ru c tu re s  a re  much le s s  common, but
o f te n  on ly  d isco n tin u o u s l in e a r  elem ents occu r.
D isco id a l le n se s  bu t no reco g n izab le  pumice fragm ents 
a re  p re s e n t (Ross & Smith, 1961, P ig . 36).
Shard s t ru c tu re  i s  e s s e n t ia l ly  lo s t  bu t s in g le , 
i s o la te d ,  much m odified  shards a re  no ted .
D isco id a l le n se s  a re  p re se n t (Ross & Smith,
1961, n g .  30).
The above c r i t e r i a  a re  i l l u s t r a t e d  by m icrophotographs.
In  e s tim a tin g  th e  degree o f  w eld ing , th e  n a tu re  o f  th e  shard  m atrix  
was used  as th e  p rim ary  c r i t e r io n  (Sm ith, 1960, pp. 154-155), and on ly  
in  case  o f  doubt was re fe re n c e  made to  th e  n a tu re  o f  pumice fragm ents 
( ä n i th ,  1960, P.154) s in ce  pumice, d is c o id a l le n se s  and o ld e r  t u f f  
fragm ents were counted s e p a ra te ly . A graph ic  lo g  showing th e  e stim ated  
degree o f  w eld ing  (p ig . 4, Column 12) d is c lo se s  maximal w elding in  th e  
lower h a l f  o f  th e  sequence from 100 to  200 f t .  and minimal w elding a t  
th e  base o f  Flow One and top o f  Plow Two. No w elding e s tim a te s  were 
made fo r  Flow Three, s in ce  sh ard s  do n o t occur in  th e  g en era l m atrix  bu t 
a re  r e s t r i c t e d  to  a l i e n  in c lu s io n s  (Photom icrographs, D re).
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P o in t count d a ta :
P h en o cry sts: F eldspar and q u a rtz  phen o cry sts  a re  much more common
in  th e  lower p a r t  o f  Flow Two and, to  some e x te n t , in  Flow Three ( fo r  
p e rcen tag es  see  F ig . 4» Column 13» 14)* Phenocrysts  in  Flow Three a re  
e i th e r  euhedral o r ,  in  th e  case  o f  q u a rtz , deeply  embayed. Flow Two 
c o n ta in s  broken (a n h e d ra l) , rounded, and subhedral p h en o cry sts . Flow 
One c o n ta in s  broken (an h ed ra l) q u a rtz  p h en o c iy s ts  a t  the  base , b u t a lso  
in c lu d e s  sm all, broken p ie c e s  in  t r a c e  q u a n t i t ie s  th roughou t. The term  
'broken* phenocryst i s  used  here  in  p re fe re n c e  to  'a n h e d ra l ' s in ce  i t  
i s  more m eaningful in  term s o f  v o l a t i l e  co n ten t a t  tim e o f  e ru p tio n  
(R oberts & P e te rso n , 1 9 6 l).
M atrix : The m atrix  o f  Flow Three i s  la b e l le d  as  g ran u la r (F ig . 4»
Column 11) and c o n s is ts  o f  a weakly b i r e f r in g e n t  q u a r tz - fe ld s p a r -  
p h y l lo s i l i c a te  in te rg ro w th  which, under c ro ssed  n ic o ls ,  has a mosaic 
te x tu re  (Photom icrographs, D re). This te x tu re  i s  a t t r ib u te d  to  d e v i t ­
r i f i c a t i o n  o r  some o th e r  l a t e  c r y s t a l l i z a t i o n  p ro c e ss .
X en o lith s  and o th e r  a l i e n  fragm ents: X en o lith s  and o th e r  a l i e n
fra g n e n ts  (F ig . 4> Column 15) a re  p re s e n t a t  th e  very  base o f  Flow One.
To a  much sm a lle r e x te n t , x e n o lith s  reap p ea r a t  th e  base o f  Flow Two, 
b u t a re  v i r t u a l l y  ab sen t in  Flow Three, w ith  th e  excep tion  o f  rounded 
and s tre tc h e d  a l i e n  in c lu s io n s  o f  pebb le  s iz e .  O lder t u f f  fragm ents and 
o th e r  m isce llan eo u s  o b je c ts  a re  p re s e n t in  v a ry in g  percen tag es  throughout 
th e  t o t a l  Eden R h y o lite  sequence (F ig . 4 » Column 16).
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Pumice: R ecognizable pumice (Ross & Smith, 1961, Fig* 44»19) i s
p re s e n t in  a p p re c ia b le  q u a n t i t ie s  a t  th e  base and the  top o f  Flow One 
and Two (F ig . 4» Column 17) .  D isco id a l le n se s  o f  coarse  c r y s t a l l i z a t i o n  
(Ross & Sm ith, 1961» F ig . 45»58) a re  p re v a le n t in  th e  m ajor c e n tr a l  
p o r tio n  o f  Flows One and Two (F ig . 4» Column 18). The s t r a t ig r a p h ic  
occu rrence  o f  th e se  d is c o id a l  le n se s  c le a r ly  a l t e r n a te s  w ith  th e  
occu rrence  o f  pumice (compare Column 17 & 18, F ig . 4)> which i s  in  
agreem ent w ith  Ross & Sm ith’ s ( 1961) co nclusions fo r  a  “tendency , 
o b serv ab le  in  a lm ost a l l  welded t u f f s ,  fo r  co a rse -g ra in e d  d e v i t r i f i c a t i o n  
p ro d u c ts  ( f e ld s p a r  and c r i s t o b a l i t e )  to  develop in  th e  pumice fragm ents, 
and much f in e r - g ra in e d  ones in  th e  sh ard s" . This d e v i t r i f i c a t i o n  o f  
th e  pumice g ra in s  d e s tro y s  th e  o r ig in a l  f ib ro u s  s t ru c tu re  (Ross & Smith,
1961, p .  6 7 ) .
G lass: P a r t i a l l y  d e v i t r i f i e d ,  n o n -c ry s ta l l in e ,  dark brown to
opaque m a te r ia l  and fragm ents occur a t  the base o f  Flow One and, to  a 
much g re a te r  e x te n t ,  a t  th e  top o f  Flow Two (PLg. 4» Column 19)* The 
re d d ish  in c lu s io n s  o f  Flow Three a re  f u l l  o f  shard  and l a p i l l i - l i k e  
s t r u c tu r e s  (Ross & Sm ith, 1961, Rig. 71 to  74)* These s t r u c tu r e s  c o n ta in  
n o n -c ry s ta l l in e  co res  and d isp la y  a x io l ic  d e v i t r i f i c a t io n  s t ru c tu re s  a t  
the  m arg ins. A ll t h i s  m a te r ia l  has been in c lu d ed  under "G lass" in  
F ig . 4*
S p h e ru li te s  and L ithophysae: (Ross & S n ith , I Jä4) , F ig . 63 to  65)«
They occur on ly  a t  th e  top  o f  Flow Two (F ig . 4» Column 20 ). S p h e ru li te s  
and lith o p h y sa e  r e p re s e n t  an a d d i t io n a l  count over and above 100$.
They a re  found w ith in , o r  superim posed upon, o r m odifying fe a tu re s  
a lre a d y  in c lu d e d  i n  th e  p o in t counts o f  Columns 11 and 16 to  19 (Fig* 4)*
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Environmental eruptive h is to r y  o f  the Eden R h yo lite :
Model o f  zo n a tio n s : The w r i t e r ’s sy stem atic  s t r a t ig r a p h ic  sample
c o l le c t io n  o f  th e  Eden R h y o lite  a t  Eden (JS3, JS1) d is c lo s e s  a  m u ltitu d e  
o f  m icroscopic  s t ru c tu re s  (Photom icrographs, Dre) which seem id e n t ic a l  
w ith  th o se  d esc rib ed  by Ross & Smith (1961) from re c e n t welded ash  flow  
tu f f s  o r ig n im b r ite s . Smith (i9 6 0 ) p ro v id es  a  model in  " Zones and Zonal 
V a ria tio n s  in  Welded Ash Plows" which he s u b t i t l e s  "a concept o f  
zonation  in  ash  flow s based on degree o f  w elding and type o f  c r y s ta l l i z a t io n "  
(F ig . 5 ) .  Smith (i960 ) d is c u s se s  a t  le n g th  th e se  two m ajor p ro c e sse s  
and th e  r e s u l t in g  zonal v a r ia t io n s  and o v e rla p s . For t h i s  purpose i t  i s  
s u f f ic ie n t  to  adopt one o f  Sm ith’ s (i960) (F ig . 5) co o lin g  u n i t s  and 
compare i t  q u a l i ta t iv e ly  and q u a n t i ta t iv e ly  to th e  f i e l d  and m icrom etric  
d a ta  from th e  Eden R h y o lite .
The sim ple co o lin g  u n i t  model (Sm ith, 1960) (F ig . 5^) i s  i n i t i a l l y  
adopted , s in ce  i t  i s  a d v isa b le  to  beg in  w ith  th e  s im p lest p o s s ib le  model 
(Ziman, 1965) and proceed  to  more complex ones s tep  by s te p .  This m odel, 
h en ce fo rth  r e f e r r e d  to  a s  model C, i s  d esc rib ed  by Smith a s  a  "zonal 
p a t te m  fo r  an ash flow  c o o lin g  u n i t  emplaced a t  h igh  enough tem p era tu re , 
gas c o n ten t and th ic k n e ss  to  have formed a zone o f  dense w eld ing  and to  
have c r y s ta l l i z e d  on c o o lin g " . Smith (i960) shows i t  w ith  a  maximum 
th ic k n e ss  o f  4OO f t . ;  however, i t  i s  h e re in  e x tra p o la te d  to  500 f t . ,  o r 
the  th ic k n e ss  o f  th e  Eden R h y o lite  ( f i g .  4> Column 6 & 7)* In  a d d i t io n , 
model C has been m odified  by in c lu d in g  a th in  zone o f  p a r t i a l  w eld ing  
a t  th e  very  base ( f i g .  4 , Column 6 & 7)> s in c e  th e  e x is te n c e  o f  th e  flow 
c o n tac t a t  265 f t .  su g g es ts  th e  p o s s i b i l i t y  o f  a more complex co o lin g  
u n i t .  The th ic k n e ss  o f  t h i s  zone o f  p a r t i a l  w elding has been rough ly
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estim ated  from a c o n s id e ra tio n  o f  th e  zoning in  th e  models A, C & D
(K g - 5 )-
Zones o f  w elding: The e s tim a te s  o f  th e  degree o f w eld ing  (F ig . 4»
Column 12) can be u t i l i z e d  to  d iv id e  th e  Eden R hyo lite  in to  zones o f  
w eld ing . There i s  a th in  b a sa l zone o f p a r t i a l  w elding, fo llow ed by a  
th ic k  zone o f  dense to  very  dense w elding. The boundary may be p laced  
half-w ay  between th e  s t r a t ig r a p h ic  c o n tro l p o in ts  (F ig . 4» Column 9 & 12). 
The upper boundary o f  the  den se ly  weldee zone and th e  upper zone o f  
p a r t i a l  w elding may be p laced  half-w ay  between th e  r e s p e c tiv e  c o n tro l 
p o in ts  o r a t  th e  s t r a t ig r a p h ic  p o s i t io n  o f co lo u r change which i s  s l ig h t ly  
below th e  former (F ig . 4> Column 9 * 1 2 ,21 ,22 ). According to  Smith (i9 6 0 , 
p .1 5 6 ), one o f  th e  c r i t e r i a  fo r  t h i s  boundary i s  "a downward change in  
co lo u r o r  shading  o f  co lou r from l i g h t  to d a rk " . C onsidering  th e  
v i r t u a l l y  undeformed n a tu re  o f  th e  pumice fragm ents, a th in  zone o f  no 
w eld ing  i s  de fin ed  on th e  top o f  Flow Two (F ig . 4» Column 9)» Due to  
lo ad  f a c to r s ,  maximal com paction, s t r e tc h in g  and deform ation  o ccu rs  in  
th e  low er h a l f  o f  a co o lin g  u n i t  (Sm ith, 1960, p la te  20A). This a g re e s  
roughly  w ith  th e  observed maximum degree o f  w elding betw een 100 to  200 
f t .  (R ig . 4 , Column 9*12).
In  comparing th e  zones o f  w eld ing  o f th e  Smith model C (F ig . 4»
Column 6) w ith  those  observed o r in fe r r e d  from th e  Eden R h y o lite  sequence 
(F ig . 4 , Column 9)» a very  good c o r r e la t io n  e x i s t s .  I t  i s  th e re fo re  
concluded th a t  th e  b a sa l two flow s o f  th e  Eden R h y o lite  re p re s e n t  one 
c o o lin g  u n i t  o f  c i r c a  475 ~ 500 f t .  th ic k n e ss  emplaced a t  a  f a i r l y  h ig h  
tem pera tu re  and gas co n ten t a s  th e  Smith model C p re s c r ib e s .  This 
com parison does no t p ro v id e  any in fo rm atio n  in  re g a rd  to  th e  upperm ost
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25 to  45 f t .  th ic k  flow Three.
Zones o f  c r y s t a l l i z a t i o n :  The Smith (i960) (H g . 5) model C
c o n s is ts  o f  zones o f  c r y s t a l l i z a t i o n ,  a s  shown in  F ig . 4» Column 7»
The zones o f  c r y s t a l l i z a t i o n ,  as  observed o r in f e r r e d  from th e  Eden 
R h y o lite  sequence, a re  shown in  F ig . 4> Column 10. The occurrence  o f  
g la s s  o r r e l i c  g la s s  co res  a t  the  base o f  Flow One and th e  top o f  Flow 
Two in d ic a te s  th a t  com plete d e v i t r i f i c a t io n  i s  r e s t r i c t e d  to  th e  m ajor 
c e n tr a l  p o r tio n  a s  th e  Smith model demands. The p la c in g  o f  th e  upper 
boundary o f  th e  zone o f  d e v i t r i f i c a t io n  in v o lv es  some minor u n c e r ta in t ie s .  
In  th e  upper p a r t  th e  d e v i t r i f i c a t io n  zone may overlap  w ith  th e  vapor 
phase zone w hich, acco rd in g  to  Smith (i960) and Ross & Smith (1961), 
i s  a p p a re n tly  n o t uncommon. On th e  b a s is  o f  secondary c r y s ta l l i z a t io n  
in  pore  space , and th e  occurrence  o f  lith o p h y sa e  and s p h e r u l i te s ,  a  zone 
o f  vapor phase c r y s t a l l i z a t i o n  i s  shown which ag rees  w ith  Sm ith’s 
model. This zone re a ch e s  i t s  maximum development in  th e  upper zone o f  
p a r t i a l  w eld ing  where i t  o v e rlap s  th e  zone o f  d e v i t r i f i c a t io n  (smith,
1960, p .1 4 9 ) . Ross & Smith (1961) in d ic a te  th a t  s ig n s  o f  fum arole 
a c t i v i t y  a re  v e ry  d i f f i c u l t  to  reco g n ize  in  a n c ie n t d e p o s its , and no 
a tte m p t has been made to  f ix  such a  zone in  th e  Eden R h y o lite  sequence 
s in ce  no h o rizo n s  o f  d ec id ed ly  v a r ie g a te d  co lo u r p a t te rn s  (Sm ith, 1960, 
P .157) have been observed in  th e  f i e l d .  F o s s il  fum aroles have no t been 
found i n  r e l a t i v e l y  young d e p o s its  (Ross & Smith, 1961, p*3l ) -  I f  th e  
th in  Flow Three re p re s e n ts  p a r t  o f  th e  m ajor c o o lin g  u n i t  i t  i s  conceivab le  
th a t  th e  se v e re ly  w eathered top 20 f t .  o f  i t  may r e f l e c t  a n c ie n t fum arole 
a c t i v i t y  a t  th e  upperm ost p a r t  o f  th e  Eden R h y o lite  sequence. The 
co n c lu s io n s  reached  on th e  b a s is  o f  th e  degree o f  w elding a re  supported
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by comparing the zones of crystallization with model C (Fig. 4»
Column 7 & 10).
Multiple ash flow simple cooling unit: A number of criteria
listed below indicate that model C, representing a simple cooling unit, 
must be an oversimplification and that model D (Smith, 1960) (Fig. 5)» 
representing a multiple ash flow simple cooling unit, is more realistic.
(1) Existence of flow contact or parting at 265 ft. (Fig. 4)»
(2) Two cycles of discoidal lenses of coarse crystallization in Flow 
One and Two. In abundance count these discoidal lenses are in­
versely proportional to definitely identified pumice fragments 
(Fig. 4? Column 17 & 18).
(3) Reappearance of xenoliths at the base of Flow Two.
(4) Quantitatively there are virtually no phenocrysts in Flow One and 
relative abundance of phenocrysts in Flow Two and Three (Fig. 4> 
Column 13 & 14) •
(5) Indication of reddish-brown hues at the top of Flow One (Fig. 4> 
Column 22).
(6) Nature of matrix in Flow Three.
However, there is no direct evidence that the thin Flow Three formed 
part of the overall cooling unit.
On this basis it is concluded that the Eden Rhyolite sequence at 
Eden (JS3 and base of JS1) represents essentially one cooling unit (a 
multiple ash flow simple cooling unit) consisting of at least two ash 
flows, and quite possibly of three. The two basal flows which comprise
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th e  m ajor bulk  o f  475 ft«  fo llow ed each o th e r  ra p id ly  enough to  form 
one co o lin g  u n i t .
E ru p tiv e  h i s to r y : R oberts & P e te rso n  (1961), in  summarizing th e
e f f e c t  o f  r e l a t i v e  v o l a t i l e  c o n te n t on th e  k in d  o f  e ru p tio n  and p roduct 
o f  s i l ic e o u s  and in te rm e d ia te  magmas, draw up th e  fo llo w in g  ta b le  which 
i s  compared to  th e  Eden R h y o lite  (Table 3 ) .
Plow One i s  equated  to  a  h ig h  v o l a t i l e  co n ten t e ru p tio n  (h igh  degree 
o f  frag m en ta tio n ) on th e  b a s is  o f  welded a sh  flow  t u f f  l i th o lo g y , 
l e n t i c u l a r  b re c c ia  h o riz o n s , and t r a c e s  o f  broken p h en o cry sts .
Plow Two i s  c o r r e la te d  to  a  m oderate v o l a t i l e  co n ten t e ru p tio n  on 
th e  b a s is  o f  welded ash  flow  t u f f  l i th o lo g y  and g re a te r  abundance o f  
ph en o cry sts  (approx. 30f0 maximal) and fewer s ig n s  o f  frag m en ta tio n .
Flow Three, c l a s s i f i e d  a s  a  low v o l a t i l e  co n ten t e ru p tio n , may 
re p re s e n t  a v isco u s la v a  flow  o r  dome o r sp in e , a s  suggested  by th e  
occu rrence  o f  flow s t r u c tu r e s .  The n a tu re  o f  th e  m atrix  and th e  absence 
o f  shards and l a p i l l i ,  o th e r  th an  in  a l i e n  in c lu s io n s , a lso  support th i s  
c o r r e la t io n .
S ince the  bu lk  o f  th e  Eden R h y o lite  sequence a t  Eden was ex truded  
by two e ru p tio n s  which fo llow ed each o th e r  f a s t  enough to  form one co o lin g  
u n i t ,  a r e a l  d i s t r ib u t io n  and th ic k n e ss  c o n s id e ra tio n s  suggest a  f i s s u r e  
type r a th e r  th an  p o in t source e ru p tio n s . The f a c t  th a t  th e  Eden R h y o lite  
does no t re c o rd  an i n i t i a l ,  very  h igh  v o l a t i l e  co n ten t e ru p tio n  acco rd in g  
to  th e  R oberts  & P e te rso n  (1961) scheme, may a lso  argue in  favour o f  a 
f i s s u r e  type  e ru p tio n  f o r ,  i n  th e  case o f  an ex ten s iv e  so u rce , an i n i t i a l  
b u ild -u p  o f  very  h igh  gas p re s su re s  may be l e s s  p ro b ab le .
Table 3 Eden Rhyolite Eruptive History
After Roberts & Peterson (19&1)
Volatile
Content
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It is concluded that the Eden Rhyolite records three main eruptions, 
probably of the fissure type, with decreasing volatile content. The 
first two eruptions, which followed each other rapidly and deposited at 
least 90fo of the extrusive material, were of the nuee ardente type.
The third and final eruptive phase consisted of a viscous lava flow (or 
dome or spine).
Subaerial environment: Rankin (i960, p.32), on the basis of
theoretical and empirical considerations, concludes "that the presence 
of a hot ash flow deposit implies at least a subaerial environment at the 
time of deposition". The theoretical considerations are based on the 
density of pumice of 1.0 or less than one, which must represent an upper 
limit for a gas rich glowing avalanche.
Therefore, the question of a subaerial environment for the Eden 
Rhyolite hinges on temperature and heat energy content at the time of 
deposition. The following considerations argue in favour of a "hot" 
ash flow deposit:
(1) The Smith (i960) model C and D (Fig. 5) specifies high temperature.
(2) The virtual lack of phenocrysts in Flow One argues for uncommonly 
hot conditions (Ross & Smith, 1961, p.40). The maximal phenocryst 
content of Flow Two and Three is roughly 3 This must be con­
sidered a comparatively low crystal content, since the latter ranges 
from 25 to 5O/0 in Nevada and Arizona crystal tuffs (Roberts & 
Peterson, 19^1, p.D73)»
(3) Well-developed columnar jointing argues in favour of high temper­
ature conditions.
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The la s t  two poin ts are considered to v e r ify  the a p p lic a b ility  o f  the 
ignim brite model and i t  i s  th erefore concluded that the environment o f  
d ep osition  o f  the Eden R hyolite  near Eden was su b aer ia l« The bulk o f  
the R hyolite  Member c o n s is t s  o f ignim brite sh e e ts f  (*M arshall, 1955)»
B uried topography and d e p o s it io n a l dip o f  o v e rly in g  s t r a t a : The
Smith (1961) (F ig . 5) model D i s  in s t r u c t iv e  from th e  p o in t o f  view o f  
s t r u c tu r a l  in t e r p r e ta t io n  and te c to n ic  h is to ry .  According to  t h i s  m odel, 
th e  Eden R h y o lite  may have been from 800 -  J00 f t .  th ic k  b e fo re  w elding 
and com paction, which was reduced to  about 5^0 f t .  a f t e r  com pletion  o f  
th e se  p ro c e sse s . Such a m ajo r, n o n -te c to n ic  c o lla p se  can be expected  to  
have profound lo c a l  ex p re ss io n  in  th e  conform able, unconform able, o r 
d isconform able c o n tac t r e la t io n s h ip s  between th e  Eden R h y o lite  and th e  
o v e rly in g  Wolumla Conglomerate Member o r th e  L ochiel Form ation. From a 
te c to n ic  p o in t o f  view th e  n a tu re  o f  th i s  c o n ta c t has been h ig h ly  
p ro b lem atic  (Brown, 1931» Hall» 1957» p re se n t f i e l d  w ork). Apart from 
subsequent e ro s io n , b u rie d  topography (Sm ith, 1960, p .158) w i l l  r e s u l t  
in  an i r r e g u la r  upper su rfa c e  o f  th e  ash  flow  t u f f  a f t e r  w elding and 
com paction (F ig . 5 ) ,  b u t l a t e r a l  d i f f e r e n t i a l  w elding and compaction fo r  
any o th e r  reaso n s  would produce th e  same r e s u l t .  U ndulating  compaction 
su r fa c e s , a s  d e lin e a te d  by d is c o id a l le n se s  o f  co arse  c r y s t a l l i z a t i o n ,  
have been observed in  th e  f i e l d .  These su rfa c e s , which resem ble 
m esoscopic, co n ce n tric  fo ld in g , could  very  w ell be co n sidered  an ex­
p re s s io n  o f  lo c a l  d i f f e r e n t i a l  com paction.
Shear zones, enum erated and d esc rib ed  by H all (1957) (see  a lso  
S tru c tu ra l  I n te r p r e ta t io n s ) ,  in  th e  Eden R h y o lite  a re  in te rp re te d  a s
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b u rie d  escarpm ents (F ig . 5) on th e  O rdovician unconform ity . These 
escarpm ents, most o f  which re p re se n t f a u l t  s c a rp s , a re  thought to  have 
been re a c t iv a te d  in  th e  f i n a l  s tag e s  o f  deform ation which deformed th e  
M allacoo ta  Beds. This r e a c t iv a t io n  would f a l l  in to  post-Eden R h y o lite  
and p re -L o ch ie l tim e.
I t  i s  th e re fo re  concluded th a t  lo c a l an g u lar d isco rdance  between 
th e  Eden R h y o lite  and o v e rly in g  s t r a t a  may p a r t i a l l y  be due to  lo c a l  
c o lla p se  phenomena o f  th e  ash  flow  t u f f  s h e e t, r a th e r  than  to  te c to n ic  
a c t i v i t y  a lo n e . A co n sid e ra b le  v a r ia t io n  o f  lo c a l  d e p o s it io n a l d ip  
(O ther than  h o r iz o n ta l)  may be expected in  th e  b a sa l p o r tio n s  o f  th e  
s t r a t a  o v e rly in g  the  Eden R h y o lite . Eden R h y o lite  topographic  h ighs 
a re  very  l i k e ly  an ex p ress io n  o f  h ighs o f  th e  O rdovician  unconform ity , 
p ro v id ed  th e  upper c o o lin g  u n i t  zones a re  reco g n izab le  in  th e  g iven  
r h y o l i t e  sequence.
D ep o sitio n a l s lope  o f  th e  Eden R h y o lite : A lthough th e  O rdovician
unconform ity  had some topograph ic  r e l i e f  im m ediately p r io r  to  th e  
d e p o s it io n  o f  th e  Devonian ro c k s , th e  a r e a l  d i s t r ib u t io n  o f  the  Eden 
R h y o lite  may conceivab ly  be u t i l i z e d  to  e s tim a te  the  s lo p e  o f  th e  uncon­
fo rm ity . Assuming th a t  th e  sp read  o f  ig n im b rite  a r i s in g  from a f i s s u r e  
source  i s  predom inan tly  downslope, i t  may be no ted  th a t  re g io n a lly  
M errimbula Group type sedim ents d i r e c t ly  o v e r l ie  O rdovician rocks o r 
g ra n i te  w est o f  a 50 m ile , rough ly  n o rth -so u th  l in e  from Cape Howe, 
V ic to r ia ,  to  Bega (H a ll, 1957» 1959)» U n fo rtu n a te ly , th e  Quama and 
Bemboka Devonian ro ck s  have n o t been mapped in  d e t a i l .  The Eden R h y o lite  
i s  m iss in g  a t  Mount T im b illic a , Mount Im lay, Mount B u rrag a te , Mount
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Wolumla, and th e  w este rn  p a r t  o f  th e  Black Range. E ast o f  t h i s  l i n e ,  
which in  th e  map a re a  e s s e n t ia l ly  fo llow s th e  Came and Black Range, th e  
Eden R h y o lite  o u tc ro p s  e x te n s iv e ly .
This suggests  th a t  th e  O rdovician  unconform ity , im m ediately p r io r  
to the  d e p o s it io n  o f  th e  Eden R h y o lite , sloped  down toward the  e a s t  and 
th a t  a  topographic  h ig h , p a r a l l e l  to  th e  p re s e n t orogenic  tre n d , e x is te d  
to th e  w est. In  th e  Eden-Merrimbula a re a  th e  s lope  may have been lo c a l ly  
more toward the  so u th e a s t, a s  in d ic a te d  by n in e  c u rre n t d ire c t io n  re a d in g s  
(F ig . 24) which show a minimum in  th e  no rth w est.
I t  may thus be j u s t i f i a b l e  to  r e f e r  to  th e  d e p o s it io n a l a re a  o f  th e  
Eden R h y o lite , in c lu d in g  a s s o c ia te d  minor sedim ents, as  th e  t e r r e s t r i a l  
p a r t  o f  an  e lo n g a ted  foredeep  in  f ro n t  o f  a  r i s i n g  m ountain ch a in  toward 
th e  w est. The te c to n ic  s e t t in g  may be s im ila r  to  th e  O n g a titi  Ig n im b rite  
o f  New Zealand (B lank, 1965) ,  which may have been is su e d  by a l in e a r  
system o f  f i s s u r e s  c lo se  to  th e  p re se n t range m argin. R ittraan (i9 6 0 ) 
b e lie v e s  th a t  ig n im b r ite s  occur in  p o s t- te c to n ic  a re a s  where c r u s ta l  
eq u ilib riu m  i s  u p s e t.
The unconform able c o n ta c t on top o f  th e  Eden R h y o lite : Wherever th e
Twofold Bay o r  th e  L ochiel Form ations (Table 1) d i r e c t ly  o v e r l ie  th e  
Eden R h y o lite , the  c o n ta c t r e la t io n s h ip s  a re  p ro b lem a tic . At Edrom th i s  
c o n tac t appears d isconfo rm ab le , w ith  a  s l ig h t  an g u lar d isco rdance  and 
e ro s io n  o f  th e  u n d e rly in g  Eden R h y o lite  (Brown, 1931» p la te  21, F ig . 1 ).
On t h i s  b a s is  Brown (1931) c la s s e d  th e  c o n tac t between the  Eden R h y o lite  
and th e  o v e rly in g  s t r a t a  a s  d isconform able. Near th e  Convent a t  Eden the  
r e la t io n s h ip  may be c la s s e d  a s  a lo c a l  d isco n fo rm ity  (Brown, 1931» P l-3 1 -2 ) .
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At other less well-exposed locations present field work reveals apparent 
angular discordance between the Eden Rhyolite and the overlying strata.
Hall (1957» p.106) felt it desirable to use the general term "unconfor­
mity” for this stratigraphic break. He states that the dips of the 
Merrimbula Group are at great variance with dips (?)* of the Eden 
Rhyolite and that fracturing and shearing associated with Eden Rhyolite 
mineralization do not penetrate the overlying Lochiel Formation and 
Merrimbula Group. "The economic mineralization of the Devonian is confined 
entirely to the Eden Rhyolite in which gold, clay, and pyrophyllite 
deposits have been worked” (Hall, 1957» p*112).
With one qualification, Hall’s (1957) term "unconformable" for the 
contact relationship between the Eden Rhyolite and overlying strata 
will be retained. As mentioned in the section "Buried topography and 
depositional dip of overlying strata" this unconformity may be partly 
independent of tectonic disturbances. The 4^  collapse of the Eden 
Rhyolite tuff sheet, particularly because of differential welding and 
compaction around buried topography, or due to other reasons, would give 
rise to an uneven upper surface of deposition. Agents of erosion would 
tend to exaggerate such a relief and a considerable variation of deposition­
al dip and angular discordance may be expected. IXiring differential 
collapse amounting to 300 to 4OO ft., fracture and shear zones may have 
developed over buried escarpments which, during the later stages of 
crystallization such as the vapor phase and the stage of fumarole activity,
* Question mark by Hall, 1957»
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became lo c i  o f  minor economic m in e ra liz a tio n . There i s  indeed  a 
tendency fo r  t h i s  m in e ra liz a tio n  to  be co n cen tra ted  in  the  upper p a r t  
o f  th e  Eden R h y o lite  (H a ll, 1957» p p .112-114) where m o d if ic a tio n , due to  
the  vapor phase and fum arole a c t i v i t y ,  should be most a p p a ren t. The 
co n ju n c tio n  o f  an e x c e p tio n a lly  th ic k  development o f  the  Q uarantine Bay 
Member conglom erate a t  the base o f  th e  Eden R hyo lite  a t  Q uarantine Bay 
and the nearby  l im ite d  b u t w ell-exposed , m assive development o f  the  
Wolumla Conglomerate near th e  P r in c e ’s Highway and N etherco te  road  
ju n c tio n , Eden (F ig . 2 ,3 , JS 9 ), seems to  favour an in te r p r e ta t io n  which 
v is u a l iz e s  an a r e a l  c o r r e la t io n  between topograph ic  h ighs and lows on 
th e  O rdovician  unconform ity  and on top  o f  th e  Eden R h y o lite . This 
in te r p r e ta t io n  u t i l i z e s  S m ith 's  model I) (i960) (F ig . 5 ) and assumes 
maximal development o f  w ell-rounded  conglom erate a t  topograph ic  lows.
Such an in te r p r e ta t io n  i s  in  accord  w ith  H a ll’ s (1957» p .109) co n c lu s io n s , 
which s ta t e  th a t  th e  r e la t io n s h ip  o f  th e  Upper Devonian Lochiel Form ation 
and Merrimbula Group cannot be f u l ly  a p p re c ia te d  u n le ss  i t  i s  recognized  
th a t  the  Upper Devonian s t r a t a  have been d ep o sited  in  p a r t  in  e ro s io n  
hollows on th e  Eden R h y o lite . H a l l ’s concept i s  thus extended in  saying  
th a t  even com paratively  lo c a l  e ro s io n  hollow s on th e  Eden R h y o lite  may 
be a  r e f l e c t i o n  o f  topograph ic  lows on th e  O rdovician  unconform ity .
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ANALYSIS OF THE LOCHIEL FORMATION 
Summary of field characteristics
Definition of the Lochiel Formation and the Cusack Creek Member:
Hall (1957) defined the Lochiel Formation. At the Cusack Creek 
section (JS14) the basal member consists of a 4 to 5 ft. conglomerate 
unit overlain by basalt. This conglomerate is defined as the Cusack 
Creek Member. Little is known about its lateral consistency and 
distribution. In many localities the basal sedimentary units of the 
Lochiel Formation overlying the Eden Rhyolite are much finer-grained 
and range from coarse sandstone to very sandy shale. The Cusack Creek 
Member is thus provisionally defined as all sedimentary units unconform- 
ably overlying the Eden Rhyolite or Bega Granite and conformably 
underlying basalt flows or related volcanics of the Lochiel Fbrmation. 
The top of the Lochiel fbrmation is easily recognizable in the field, 
provided the Wolumla Conglomerate Member is well-developed, and provided 
the local structure is not too complex. In areas where these conditions 
do not hold the present fonnational mapping of the top of the Lochiel 
Formation must be considered as provisional, due to the similarity of 
the Lochiel lithology to overlying and underlying formations. The 
Lochiel fbrmation includes both rhyolites and red beds. The sand size 
laminae of the Cusack Creek Member are lithic arenites with less than 
20$ quartz (Table 17, Fig. 26).
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General c h a r a c te r i s t i c s  o f  th e  Lochiel Form ation:
The Form ation c o n s is ts  o f  in te rb ed d ed  l i th o lo g ie s ,  am ygdaloidal 
b a s a l t ,  d o l e r i t e ,  r h y o l i t e ,  f e l s i t e ,  and co n sid e ra b le  c l a s t i c  u n i t s  o f 
conglom erate, sandstone , a rk o se  and re d  mudstone. The mudstone tends 
to  be a deeper p u rp le  co lo u r (ch o co la te  sh a le ) than  th o se  o f  th e  over- 
ly in g  Merrimbula Form ation, p a r t i c u la r ly  where they  s t r a t ig r a p h ic a l ly  
o v e r l ie  b a s ic  v o lcan ic  u n i t s .  The b a s a l t  i s  b lu is h  and p u rp lis h  g rey , 
w hile  th e  r h y o l i t e  and f e l s i t e  i s  u s u a lly  a  l i g h t e r  g reen ish  g rey . The 
sedim entary  in te rb e d s  re p re se n t a re d  bed sequence s im ila r  to  th e  
IV ofold Bay Form ation.
The L ochiel Form ation i s  alm ost alw ays p o o rly  exposed. The c l a s t i c  
u n i t s  o f  th e  L ochiel Form ation a re  a rk o s ic  where they  o v e r l ie  th e  Bega 
G ran ite , bu t g ra n i te  pebb les in  Lochiel u n i ts  have been noted  a l l  over 
th e  map a re a . The L ochiel Form ation, a s  w ell a s  th e  Bega G ran ite  and to  
some e x te n t th e  Eden R h y o lite , i s  cu t by dykes which have not been mapped. 
The Lochiel fo rm ation  has y ie ld e d  no f o s s i l s .
D is tr ib u tio n  w ith in  th e  map a r e a : Conglom eratic in te rb e d s  appear to  be
more common o r  b e t t e r  exposed in  a n o rth -so u th  tre n d  s t a r t in g  from the  
roughly  e a s t-w e s t fo ld ed  O rdovician unconform ity  (F ig . 2) sou th  o f  
N e th erco te , v ia  the  Box Range Syncline to  th e  L ochiel ou tcrop  southw est 
o f  Wolumla. The palaeogeograph ic  im p lic a tio n s  o f  t h i s  tre n d  a re  u n c e r ta in , 
s in ce  i t  c o in c id es  c o in c id e n ta l ly  o r  c a u sa lly  w ith  the  c e n tre  l in e  o f 
Lochiel o ccu rrences in  th e  map a re a . These o ccu rrences a re  p a r t ly  
governed by the  re g io n a l s t r u c tu r e  and p a r t ly  by d e p o s it io n a l (and p o ss ib ly  
e ro s io n a l)  c o n d itio n s  in  L ochiel tim e. I f  the  re g io n a l s t ru c tu re  i s
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p a r t i a l l y  d is re g a rd ed , th e  ou tcrop  p a t te r n  o f  th e  L ochiel Form ation 
d e lin e a te s  a  f a n - l ik e  wedge w ith  an apex in  th e  sou th  n ear th e  O rdovician 
unconform ity . This fan  i s  d iv e rg in g  toward th e  n o r th . The d e ta i le d  
th ic k n e ss  r e la t io n s h ip s  w ith in  th e  f a n - l ik e  d is t r ib u t io n  a re  no t known. 
H all (1957)> who d isc u sse s  th e  d e p o s it io n a l and c o n ta c t re la t io n s h ip s  
o f  th e  L ochiel Fonnation a t  le n g th , e s tim a te s  a  maximal th ic k n e ss  o f 
1400 f t .  n ear th e  c e n tre  o f  t h i s  fa n , which th in s  r a p id ly  in  near 
m arginal a re a s  (H a ll, 1957> P» 108). JS14 and H a l l 's  e s tim a te  a t  Chalk 
H il ls  Creek do n o t exceed 200 f t .  S ta r t in g  from the  maximal th ick n ess  
in  th e  c e n tr e , th e  L ochiel Form ation i s  th in n in g  in  a  so u th e rly  d i r e c t io n  
toward Eden (H a ll, 1959» P»7)*
The Cusack Creek s e c tio n  (JS14) s
Since th e  L ochiel Form ation does n o t ou tcrop  in  c o a s ta l  c l i f f s ,  
no 9O76 exposure s e c tio n  i s  a v a i la b le  fo r  t h i s  Form ation. The Cusack 
Creek s e c tio n  (JS I4 ) was s e le c te d  because o f  minimal s t r u c tu r a l  com plicat­
io n s  and w ell-exposed  top and bottom . However, th e  th ic k n e ss  i s  no t 
r e p re s e n ta t iv e .  The L ochiel Form ation not only  in c lu d e s  b a s a l t  and 
some r h y o l i t e ,  b u t i t s  re d  c l a s t i c  in te rb e d s  a re  l a t e r a l l y  as  
d isco n tin u o u s  a s  th o se  o f  th e  Twofold Bay Form ation. At Cusack Creek 
the  Form ation c o n s is ts  o f  about 4Dfo v o lcan ic  and 60fo sedim entary ro ck s .
The Cusack Creek s e c tio n  (JS14) m easures somewhat l e s s  than 200 f t .
(F ig . 5)* This s e c tio n  re p re s e n ts  th e  b e s t  known successio n  o f  b asic  
v o lc a n ic s , b u t th e  c l a s t i c  u n i t s  a re  re p re se n te d  by la rg e , covered 
in te r v a ls  which have been c a lc u la te d  from tr ig o n o m etr ic  d a ta . The
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s t r u c tu r a l  d a ta  u n d e rly in g  th e se  c a lc u la t io n s  a re  taken  p a r t ly  from 
th e  base and th e  top and p a r t ly  from re g io n a l s t r u c tu r a l  knowledge 
(F ig . 2 ) , s in ce  th e  b a s a l t  flow s a re  devoid o f  r e l i a b l e  bedding 
in d ic a t io n s .
The Cusack Creek s e c tio n  commences w ith  a 5 f t«  b a sa l re d d ish -  
brown to g reen ish  conglom erate which i s  d esig n a ted  th e  Cusack Creek 
Member. This c l a s t i c  u n i t  i s  follow ed by th re e  groups o f  b a s a l t ic  
v o lc an ic s  which a re  sep a ra ted  by la rg e , covered in te r v a ls  (F ig . 3)«
The s e c tio n  has been measured in  the  creek  bed b u t o n - s t r ik e ,  u p h i l l  
in v e s t ig a t io n  in d ic a te s  th a t  th e  covered in te r v a ls  re p re se n t sedim entary 
re d  bed u n i t s  which may o r may not in c lu d e  minor th in  v o lcan ic  in te rb e d s  
o r dykes. No a c id ic  v o lcan ic  u n i t s  have been noted  in  the  Cusack Creek 
a re a .
In  ascend ing  s t r a t ig r a p h ic  o rd e r th e  exposed b a s a l t i c  u n i ts  (F ig .3 ) 
have th ic k n e sse s  o f  35 f t . ,  20 f t . ,  and 17 f t . ,  av erag in g  a t  24 f t .  I f  
i t  i s  assumed th a t  th e se  th re e  more r e s i s t a n t  ou tcrop  groups have a 
g en e tic  r e la t io n s h ip  to  flow  u n i t s ,  one may conclude th a t  th e  Lochiel 
Form ation a t  Cusack Creek in c lu d e s  th re e  m ajor flow u n i ts  which a re  
in te rb ed d ed  w ith  re d  c l a s t i c  d e p o s its . An average th ick n ess  o f  24 f t .  
p e r flow u n i t  compares w ell w ith  W alker’ s (19&3» P*36) average th ic k n e ss  
o f  20 f t .  -  10 f t .  fo r  Ic e la n d ic  o l iv in e  b a s a l t  flow s.
D ep o sitio n a l s lope  o f  th e  L ochiel Form ation:
The L och ie l Form ation o u tc ro p s  on ly  n o rth  o f th e  fo lded  O rdovician 
unconform ity  which tre n d s  rough ly  eas t-w e st in  th e  v ic in i ty  o f  Eden.
No L ochiel b a s a l ts  occur a t  Edrom, th e  Green Cape -  Womboyn a re a , Mount
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Timbillica, and Mount Imlay. The east-west Ordovician unconformity 
near Eden is interpreted as a post-Eden Rhyolite pre-Lochiel fault 
scarp (i.e. Twofold Bay Fault). The basalt of the Lochiel Formation 
suggests that this Devonian fault represents as asymmetrical graben 
where the northern block represents the downthrown side. Over 200 cross­
stratification readings of the Twofold Bay Formation support this inter­
pretation.
The above fault scarp may be related to the Berridale Wrench Fault, 
recently described by Lambert & White (1965)> which is thought to have 
been active since late Silurian or early Devonian time. The depositional 
slope at Lochiel time is thought to have been dipping toward the north 
which, on the western margin of the map area, may have been modified 
by an elongated granitic and metamorphic topographic high toward the 
west.
Petrographic notes on the Lochiel basalts
Brown (1931) and Hall (1957) have dealt previously with the 
petrological characteristics of the basalt of the Lochiel Formation.
The former published two analyses of these rocks (Brown, 1931» Table II, 
Analyses I & II) which were then termed Nethercote basalts.
Examination of seven thin sections (TS 230 to 236) from the Cusack 
Creek section indicate that the rocks predominantly represent flows of 
amygdaloidal olivine basalt, olivine dolerite, and albite-dolerite.
Some dyke-dolerite may also be present. The rocks display textures 
ranging from relic ophitic to doleritic, which are modified by low-grade
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metamorphism. Mineralogically altered olivine, diopsidic augite, brown 
pyroxene (2V = 60, + ve) granules of sphene (probably after ilmenite), 
cloudy patches of feldspar ringed by albite, other domains of phyllo- 
silicates and pyroxene, needles of iron-poor and green iron-rich 
pumpellyite!and epidote have been noted.
Environment of deposition of the Lochiel Formation 
General considerations:
The lateral and vertical stratigraphy of the Lochiel Formation is 
much less well known than that of the Merrimbula Group, but the following 
interpretation is proposed on the basis of present data:
1. The folded Ordovician unconformity in the south of the map area
is interpreted as a post-Eden Rhyolite fault scarp (see Structural 
Interpretations) which may have been active throughout the deposition 
of the Lochiel and Twofold Bay Formations. This fault scarp marks 
the edge of a nearly east-west asymmetrical graben. Judging from 
the outcrop pattern of the Eden Rhyolite, thi3 fault may have had 
sinistral lateral movement. This graben formation may be related 
to the Berridale Fault (Lambert & White, 1965)» which is classed as 
a sinistral wrench fault.
2. The depositional slope is thought to be dipping toward the north, 
as indicated by a fan-like outcrop pattern of the Lochiel Formation 
and its marginal thinning. Such a depositional slope is supported 
by a strong current direction mode in the conformable, overlying 
Twofold Bay Formation (Fig. 41)*
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3» The main p o in t source o f  th e  "basalt in te rb e d s  and minor a c id ic
v o lc a n ic s  may have been south  o f  L o ch ie l, as  in d ic a te d  by maximal 
th ic k n e ss  in  th a t  l o c a l i t y  and dow n-palaeoslope from i t  in  th e  Bald 
H i l l s ,  A ccording to  Walker (1963) r h y o l i t i c  in te rb e d s  may mark a 
v o lc an ic  co re  in  an o th erw ise  b a s ic  e x tru s iv e  complex, and th e  
double occu rrence  o f  r h y o l i t e  w ith in  th e  L ochiel Form ation south  o f 
L och ie l (H a ll, 1957» p la te  12) may support such a  placem ent o f  th e  
c e n tre  o f  b a s ic  vulcanism . The ra p id  th in n in g  o f  th e  Lochiel 
Form ation from th e  c e n tre  tow ard th e  O rdovician  unconform ity in  th e  
so u th  i s  then  exp la in ed  by le s s  m assive spread  u p -p a laeo s lo p e , bu t 
m inor v o lcan ic  sou rces could  have e x is te d  to  th e  sou th  o f  th e  main 
so u rce .
4» The c l a s t i c  u n i t s  o f  th e  L ochiel Form ation a re  s im ila r  to  those  
o f  th e  much b e t t e r  known Twofold Bay Form ation. As in  th e  case  
o f  th e  Q uarantine Bay Member, p re se n t f i e l d  knowledge o f  th e  L ochiel 
sedim ents does n o t perm it environm ental co n c lu s io n s . However, th e  
u se  o f  Crook’ s (i960 ) MLQ and QER diagram s (see  Sedim entary P e tro lo g y  
and F ig . 25 & 30) in d ic a te s  th a t  th e  most p robab le  environment o f  
d e p o s it io n  o f  th e  Cusack Creek Member i s  th e  same a s  th a t  o f  th e  
Wolumla Conglomerate Member. The d e p o s it io n a l environment o f  th e  
Wolumla Conglomerate Member w i l l  be shown to  be ta lu s  slope  to 
a l l u v i a l  fan .
Environm ental c o n c lu s io n s ;
The L ochiel Form ation i s  thought to  rec o rd  th e  d e p o s itio n  o f  an
a l lu v ia l  fan  to  th e  n o r th  o f an a c t iv e  f a u l t  scarp  which i s  marked by th e
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folded Ordovician unconformity. The fan was building out toward the 
north and partly buried one major and perhaps some minor basic volcanic 
point sources which existed on the downthrown side of the sinistral 
fault. The volcanic material was incorporated within this clastic fan 
and helped partly to build it. The fault scarp is thought to represent 
the edge of an asymmetrical graben whose formation may be related to the 
sinistral Berridale Wrench Fault.
MERRIMBULA GROUP - STATISTICAL STRATIGRAPHIC DATA 
Thickness statistics
Table 4 gives the number of units measured for each full footage, 
as utilized in the cumulative footage plots (Fig. 22, 23» 24» Tables 8 
and 9) of the Merrimbula Group. The same data is also plotted (Fig. 6). 
The total number of units is 426, which covers a cumulative footage of 
2900 ft. This amounts to an average of 6.8 ft. per unit for the 
Merrimbula Group. The number of units measured fall off sharply with 
increasing thickness from 1 ft. to 20 ft. (Pettijohn, 1957» p.160).
No detectable artificial thickness modes have been introduced at 5» 10» 
15 or 20 ft., due to the use of the 5 ft. staff. Most units in excess 
of 21 ft. represent covered intervals or monotonous sequences of inter- 
bedded lithologies in which the thickness of the interbedded units of 
the minor lithology is less than 1 ft. In such cases the percentage 
of the major and minor lithology has been estimated (Table 8 & 9)» All 
units over 31 ft. originate from the lower Bellbird Creek Formation
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T ab le  4
T h ickness o f  m easured se d im e n ta tio n  u n i t s  
T h ickness o f  u n i t  i n  f t .  Number o f  u n i t s  m easured
0 - 1 149
1 - 2 78
2 - 3 38
5 - 4 26
4 - 5 19
5 - 6 16
6 - 7 16
7 - 8 14
8 - 9 12
9 - 10 8
10 - 11 4
11 - 12 5
12 - 13 3
13 - 14 4
14 - 15 4
16 - 20 6 o r 1 .2  p e r  f t .  in c .
21 - 25 10 o r 2 .0  p e r  f t .  in c .
26 - 30 7 o r 1 .4  p e r  f t .  in c .
31 - 40 3 o r 0 . 3  p e r  f t .  in c .
41 - 90 o r 0 .0 8  p e r  f t .  in c
T o ta l -  426
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which w i l l  be shown to  re p re se n t subaqueous d e l ta ic  and n e r i t i c  d e p o s its . 
I t  i s  p a r t ly  due to  c o n s id e ra tio n s  o f  a c c e s s ib i l i ty ,  and p a r t ly  to  th e  
above-m entioned d e l ta ic  d e p o s its ,  th a t  n e a r ly  12$ o f  th e  u n i t s  exceed 
10 f t .  in  th ic k n e ss . A p lo t  o f  th ic k n e ss  o f  sed im en ta tion  u n i t s  a g a in s t 
maximum g ra in  s iz e  shows random d is t r ib u t io n  ( i l g .  7> compare P e tt i jo h n , 
1957, J ig .  4 9 ,5 ° ) .
P ercen tage  L ith o lo g ie s
The p e rcen tag e  o f  l i th o lo g ie s  o f  th e  M errimbula Group i s  summarized 
in  Table 5» These p e rcen tag es  a re  much more s im ila r  to  o th e r  t e r r e s t r i a l  
piedmont f a c ie s  th an  to  f ly sc h  fa c ie s  (Table 6 ) , as l i s t e d  by P e tt i jo h n  
( 19579 p . 616, 629) ,  due to  th e  h igh  conglom erate and low sh a le  c o n te n t.
The conglom erate co n ten t o f  th e  Twofold Bay Form ation i s  e x ce p tio n a lly  
h igh  (T able 5)* In th e  case  o f  th e  Twofold Bay Form ation th e  sandstone 
p e rcen tag e  i s  lower th an  th e  conglom erate c o n te n t. The conglom erate and 
sh a le  (mudstone) p e rcen tag es  a re  about equal. Sandstone com prises about 
50$ o f  th e  Lower B e l lb ird  Creek Form ation, which i s  s im ila r  to  th e  o v e ra ll  
M errimbula Group average  (T able 5) and th e  Old Red Sandstone (Table 6 ).
The conglom erate co n ten t o f th e  lower B e l lb ird  Creek Form ation c o n s is ts  
m ainly o f  g ra n u la r  conglom erate. The com plete la ck  o f  conglom erate in  
th e  upper B e llb ird  Creek Form ation i s  ex cep tio n a l in  com parison to  th e  
r e s t  o f th e  M errimbula Group. The Worange P o in t Form ation (Table 5) 
compares b e s t  w ith  th e  p e rcen tag e  o f  l i th o lo g ie s  o f  the  Newark s e r ie s  
(Table 6 ) , a lth o u g h  in  term s o f  environment o f  d e p o s itio n  and te c to n ic  
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Lochiel and Twofold Bay Form ations.
The co lo u r o f  th e  Merrimbula Group s t r a t a  i s  reco rded  on the  Bouma 
logs (F ig . 8 ,9 ,1 0 ; Table 8 ,9)»  The co lo u r c h a r a c te r i s t i c s ,  in  p a r t i c u la r  
w ith  re g a rd  to  l i th o lo g y  (T able 26), a re  d iscu ssed  in  th e  ch ap te r 
"Colour s t a t i s t i c s " .  For th e  sake o f  com pleteness, Table 5 a lso  l i s t s  
the  d e p o s it io n a l environm ent o f  th e  s t r a t ig r a p h ic  u n i ts  which have n o t 
been e s ta b lis h e d  a t  t h i s  s tag e  o f  th e  argum ent.
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ANALYSIS OF THE TWOFOLD BAY FORMATION (MERRIKBULA GROUP)
Summary o f  f i e l d  d a ta
D e fin it io n  o f  th e  Twofold Bay Form ation and the Wolumla Conglomerate 
Member:
FDr purposes o f  fo rm atio n a l mapping, th e  b a sa l re d  beds o f  th e  
Merrimbula Group have been d esig n a ted  th e  Twofold Bay Form ation. The 
base o f  t h i s  Form ation i s  d e fin ed  by the  Wolumla Conglomerate Member 
(H a ll, 1957» p .109) w hich, a lthough  n o t always p re se n t (F ig . 2 ) , c o n s is ts  
o f  a m assive p u rp le  bou lder to  pebble  s iz e  conglom erate. G en era lly , th e  
Wolumla Conglomerate Member o v e r l ie s  th e  Lochiel Form ation and th e  Bega 
G ran ite  and , due to  ov erlap  r e la t io n s h ip s ,  th e  Eden R h y o lite . The 
g e n e ra lly  w ell-rounded  pebb les and cobb les (H a ll, 1957» F ig . 49) c o n s is t  
o f  r h y o l i t e ,  q u a rtz  porphyry , g r a n i te ,  sandstone , q u a r tz i te ,  q u a rtz  and 
f in e -g ra in e d  metamorphic rock  fragm ents, depending s tro n g ly  on th e  
li th o lo g y  o f  th e  u n d e rly in g  ro c k s . In  th e  so u thern  p a r t  o f  th e  map a re a  
(F ig . 2 ) , p a r t i c u la r ly  a t  Eden (JS1 Convent S ec tion ) and Edrom (JS12 
Edrom S e c tio n ), th e  p ebb les tend  to  be an g u lar to  subangular (F ig . 70).
The Wolumla Conglomerate Member, l ik e  a l l  s t r a t ig r a p h ic  s e c tio n s  
(F ig . 3)» has been m easured in  d e ta i l  w ith  a 5 f t«  s t a f f .  At Eden ( JS 1 , 
u n i t s  4 to  13) th e  Member i s  27 f t . ,  and a t  Edrom (JS13> u n i t  1) i t  i s  
reduced to  about 5 f t .  In  th e  map a re a  (F ig . 2) th e  conglom erate re a ch e s  
a maximal development o f  about 50 f t .  (see  a lso  H a ll, 1957» P*109)* The 
d e ta i le d  s t r a t ig r a p h ic  f i e l d  o b se rv a tio n s  a re  reco rd ed  in  Bouma ( 1962) 
g raph ic  lo g s  (F ig . 8 ) .  A m icrom etric  approach to  th e  sedim entary  
p e tro lo g y  o f  th e  Wolumla Conglomerate Member a t  th e  given s t r a t ig r a p h ic
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s e c tio n s  forms p a r t  o f  F ig . 24 and. i s  d iscu ssed  elsew here (see  Sedimentary- 
P e tro lo g y ) . The upper boundary o f  th e  Wolumla Conglomerate Member i s  
d i f f i c u l t  to  d e fin e  due to  lo c a l  v a r ia t io n ,  but th e  Member g rades 
t r a n s i t io n a l ly  in to  th e  u n d if f e r e n t ia te d  re d  beds o f  th e  main sequence 
o f  th e  Twofold Bay Form ation.
Contact r e l a t io n s h ip s :
The c o n ta c t r e la t io n s h ip  between th e  Bega G ran ite  and th e  Wolumla 
Conglomerate Member i s  nonconform able (H a ll, 1957» F ig . 50)« P resen t 
f i e l d  work fu r th e r  s u b s ta n t ia te s  H a l l’ s (1957) conform able r e la t io n s h ip  
between th e  L ochiel Form ation and th e  b a sa l Wolumla Conglomerate Member 
o f  th e  Twofold Bay Form ation. The d e p o s it io n a l c o n tac t between th e  Eden 
R h y o lite  and th e  Wolumla Conglomerate Member i s  c l a s s i f i e d  a s  unconform able 
(F ie ld  photographs Dut) as  d iscu ssed  p re v io u s ly .
The u n d if fe r e n t ia te d  red beds o f  th e  Twofold Bay Formation:
Ascending s t r a t ig r a p h ic a l ly ,  th e  Wolumla Conglomerate Member i s  
follow ed conform ably and t r a n s i t i o n a l ly  by th e  main sequence o f  re d  beds 
o f  th e  u n d if f e r e n t ia te d  Twofold Bay Form ation (F ig . 3 ) .
For the  purpose o f  fo rm atio n a l mapping, th e  top o f  th e  Twofold Bay
Form ation i s  de fin ed  a s  th e  top  o f  th e  l a s t  5 f t .  re d  mudstone ho rizo n
a*:
(o r th e  base o f  th e  f i r s t  fereen. o r  greyish-brow n mudstone in  acce ss  o f
V5 f t .  ascend ing  s t r a t i g r a p h ic a l ly ) .  This boundary between th e  Twofold 
Bay Form ation and th e  o v e rly in g  B e l lb ird  Creek Form ation i s  o f te n  marked 
by re d , green  and brown mudstone le n s e s , th e  appearance o f  h o rizo n s  o f
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b e t t e r  s o r te d , w hite  s u b la b i le  a r e n i te s  (Crook, 1960), and a m ix tu re  
o f  red  and green pebb le  s iz e  sh a le  c l a s t s  in  th e  c o a rse r  h o rizo n s . Due 
to th e  t r a n s i t io n a l  n a tu re  o f  t h i s  boundary i t  i s  sometimes d i f f i c u l t  to  
app ly  th e  above d e f in i t io n ,  and in  case  o f  doubt th e  low est s t r a t ig r a p h ic  
horizon  f i t t i n g  a m a jo rity  o r a l l  o f  the  above c r i t e r i a  was c o n s is te n t ly  
p re fe r re d  in  mapping.
The Twofold Bay Form ation i s  c h a ra c te r iz e d  by conglom erate in te rb e d s  
and f e ld s p a th o - l i th ic  a r e n i te s  (F ig . 26 ). Of some 50 to  60 sedim entary  
u n i t s  measured and d esc rib ed  in  d e ta i l  from th re e  l o c a l i t i e s  (JS 1 , JS 2 ,JS 1 2 ), 
about JCrfo o f  th e  s t r a t a  (T able 5) by foo tage i s  com prised o f  pebb le  o r 
g ranu le  conglom erate (F ig . 8 ,9 )»  In  th e se  u n i t s  cobb les f re q u e n tly  
occu r. Sandy s i l t  s to n es  and mudstones a re  common and form 40 to  ^Ofo  
o f th e  s t r a t a  (Table 5 )* In th e  th re e  s t r a t ig r a p h ic  s e c tio n s  m easured, 
th e  th ic k n e ss  o f  th e  Twofold Bay Form ation, in c lu d in g  the  Wolumla 
Conglomerate Member, v a r ie s  from 225 to  500 f t . ,  depending on f a c to r s  
which a re  in te r p r e te d  as Eden R h y o lite  r e l i e f  a t  th e  tim e o f  d e p o s it io n .
At Edrom (JS12), a re g io n a l Eden R h y o lite  h ig h , th e  Twofold Bay Form ation 
m easures 24O f t .  At th e  Eden Convent (JS1, F ig . 8 ) ,  a lo c a l  Eden R h y o lite  
low, th e  th ic k n e ss  i s  e s tim ated  a s  300 f t .  by c o r r e la t io n  w ith  JS2, bu t 
on ly  about 110 f t .  were m easured, due to  b a sa l cover and t ru n c a tio n  by 
th e  T e r t ia ry  unconform ity  on to p . At th e  Eden Swimming Pool ( jS 2 ) , a 
lo c a l  Eden R h y o lite  h ig h  (Brown, 1951» p la te  21 ), where th e  Wolumla 
Conglomerate i s  m issin g , th e  th ic k n e ss  i s  about 225 f t .  In  th e  n o rth e rn  
p a r t  o f  th e  map a re a , sou th  o f Bournda M ountain, th e  th ic k n e ss  i s  e s tim a ted  
to about 150 f t .  P re se n t f i e l d  work in d ic a te s  co n sid e rab le  th ic k e n in g  
in  the  w este rn  p a r t  o f  th e  map a re a  in  the  Black and Came Range (F ig . 3)
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where th e  Twofold Bay Form ation, in  p a r t ,  o v e r l ie s  th e  Bega G ran ite  
d i r e c t ly .  A ccording to  H a l l ’s (1957» F ig . 42) s e c tio n  and l i th o lo g ic  
d e s c r ip t io n s , th e  Twofold Bay Form ation may reach  600 f t .  a t  Wolumla 
Peak (F ig . 5)* For th e  com posite lo g s  o f  th e  Merrimbula Group (F ig . 24) ,  
based m ainly on JS1, JS2, JS4, JS8, JS12, JS13» a th ick n ess  o f 25O f t .  
has been adopted fo r  th e  Twofold Bay Form ation. A s e r ie s  o f  f i e l d  
photographs i s  in c lu d ed  in  the  i l l u s t r a t i o n  volume.
F o s s il  co n ten t and ag e :
P resen t f i e l d  work has e s ta b lis h e d  th a t  in  th e  Eden-Merrimbula a re a  
a l l  known m arine f o s s i l  l o c a l i t i e s  (F ig , 2; H a ll, 1957» p la te  12) o f  th e  
form er M errimbula "Form ation” f a l l  w ith in  th e  su rfa ce  o u tc rops o f  th e  
newly d efin ed  B e l lb ird  Creek Form ation, which com prises th e  m ajor m iddle 
sequence o f  th e  newly e lev a te d  Merrimbula Group. In  reg a rd  to  th e  
n o rth e rn  p a r t  o f  th e  map a re a  (F ig . 2 ) , where l e s s  tim e was spen t on 
form ation mapping and where p a r t  o f  th e  su rfa ce  ou tcrop  o f  th e  M errimbula 
Group has been l e f t  u n d if f e r e n t ia te d ,  th e  above s ta tem en t i s  q u a l i f ie d  
by s t a t in g  th a t  a l l  known m arine f o s s i l  l o c a l i t i e s  occur in  the g en e ra l 
l i th o lo g y  and l i t h o f a c i e s ,  which i s  ty p ic a l  o f  th e  B e llb ird  Creek Form ation 
fu r th e r  so u th . This B e l lb ird  Creek l i th o lo g y  i s  d i s t i n c t ly  d i f f e r e n t  from 
the  ty p ic a l l i th o lo g y  o f  th e  u n d e rly in g  Twofold Bay Form ation and o v e r- 
ly in g  Worange P o in t Form ation.
The Twofold Bay Form ation has y ie ld e d  on ly  t e r r e s t r i a l  p la n t  f o s s i l s  
so f a r .  Brown (1951» P*4^5) re p o r ts  specimens o f  P ro to lep id o d en d ro n ,
s im ila r  to  Upper Devonian specimen d esc rib ed  by Walkom (1928) and
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c o lle c te d  by Woolnough (Walkom, 1928, p.LX) e a s t  o f  Eden. The exact 
l o c a l i t y  i s  no t known, but i t  presum ably came from the  c o a s ta l  c l i f f s  
o f  th e  Convent where G. Jo p lin  c o lle c te d  a  specimen o f  C o rd a ites  o f 
Upper Devonian age, id e n t i f i e d  by V/alkom (Brown, 1931» p . 465) • In  th e  
same lo c a l i t y  (JS2) th e  a u th o r c o lle c te d  a p a r t i a l l y  abraded and p o o rly  
p re se rv ed  ta lu s  p la n t  fragm ent (F ie ld  photographs D ut). By th e  n a tu re  
o f  th e  f r a c tu r e ,  th e  in -p la c e  o r ig in  o f  th e  fragm ent could  only  be 
e s ta b lis h e d  w ith  c e r ta in ty .  This l o c a l i t y  i s  27 f t .  s t r a t ig r a p h ic a l ly  
above th e  top o f  th e  Eden R h y o lite . M. White (p e rs . commun.) d e sc rib e s  
th e  specimen as  a  d e c o r tic a te d  im pression  o f th e  ttP ro to lep idodendron1 
o r "A rc h e a o s ig i l la r ia " type and s ta t e s  th a t  t h i s  id e n t i f i c a t io n  i s  in  
accord  w ith  a Middle to  Upper Devonian age. J .  A. T alen t (p e rs . commun.), 
on th e  b a s is  o f  th e  photograph , c o n sid e rs  i t  q u ite  u n lik e  any 
lep idodendro ids from th e  Devonian to  Lower C arboniferous o f  V ic to r ia .
Due to  poor and incom plete p re s e rv a tio n , a l l  g en eric  f l o r a l  i d e n t i f i c a t ­
io n s  a re  c le a r ly  t e n ta t iv e .
The b e s t  e s tim a te  o f  th e  age o f  th e  Twofold Bay Formation i s  thus 
Upper Devonian, as suggested  by H all (1957)•
Sedim entary s t r u c tu r e s :
Sedim entary s t ru c tu re s  a re  reco rd ed  in  a Bouma (1962) type f i e l d  log  
(F ig . 8 ,9 ,11  to  21 ). Scour s t r u c tu r e s ,  ch an n e l-ty p e  u n i t s ,  w ashouts,
4 .. oU  - '
su b a e r ia l d e s s ic a tio n  s t r u c tu r e s ,  and le s s  commonly sm a ll-sc a le  c ro s s ­
s t r a t i f i c a t i o n  and r ip p le  marks have been observed  (F ie ld  photographs D ut). 
I s o la te d  sh a le  c l a s t s ,  n e s ts  o f  sh a le  c l a s t s ,  and some le n se s  and wedges
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o f  in tr a fo n n a tio n a l  conglom erate a re  p re se n t throughout th e  whole 
sequence. O versteepened c r o s s - s t r a t i f i c a t i o n ,  o th e r  slump s t r u c tu r e s ,  
and b a l l  and p illo w  s t ru c tu re s  which a re  o f te n  a t t r ib u te d  to  quicksand 
a c tio n  o r  some s im ila r  i n s t a b i l i t y ,  a re  n o t p a r t i c u la r ly  common. Large- 
s c a le  c r o s s - s t r a t i f i c a t i o n  (see  C r o s s - s t r a t i f i c a t io n  and o th e r  d i r e c t io n a l  
d a ta )  i s  common (F ie ld  photographs D ut). S t r a t ig r a p h ic a l ly  c o n tro l le d  
206 azim uthal re a d in g s  from th e  th re e  s e c tio n s  (JS1, JS2, JS12) d isp la y  
a s tro n g  mode (F ig . 41)• These c u rre n t read in g s  have been c o rre c te d  
fo r  th e  p re se n t te c to n ic  dip  which lo c a l ly  v a r ie s  from 0° to  4O0 (F ig . 2 ) . 
C urrent d ir e c t io n  was toward th e  n o r th , as in d ic a te d  fo r  th e  L ochiel 
Form ation. In  reg a rd  to  th e  above th re e  s t r a t ig r a p h ic  s e c t io n s , th e  Eden 
R h y o lite  im m ediately u n d e r l ie s  th e  Twofold Bay Form ation (F ig . 3) and 
c o n s t i tu te s  th e  Upper Devonian bed rock  fo r  i t s  b a sa l u n i t s .  O ther 
m iscellaneous s t ru c tu re s  such as  lo ad  c a s ts  have a lso  been observed .
Sedim entation u n i t s :
In  a  v e r t i c a l  p r o f i l e  th e  u n i t s  a re  a rranged  in  cyclothem s o r g ra in  
s iz e  cy c le s  o r  fin ing-upw ards c y c le s  o f  v a ry in g  th ic k n e ss  (F ig . 8 ,9>22).
On a mesoscopic ou tcrop  s c a le  th e  sedim entary  u n i t s  o f  th e  Twofold Bayh 
Form ation, in  p a r t i c u la r  th e  c o a rse r  g ra in ed  ones, a re  c h a ra c te r iz e d  by 
high  l e n t i c u l a r i t y  and l a t e r a l  s t r a t ig r a p h ic  d is c o n t in u ity  (F ie ld  
photographs Dut) to  such an ex ten t th a t  th e  reco rded  u n i t s  (F ig . 8 , 9 )  
re p re se n t on ly  one p o s s ib le  v e r t i c a l  p r o f i l e  in  th e  tim e dim ension. The 
recorded  u n i t s  a re  s tro n g ly  dependent on th e  l in e  o f  t ra v e r s e  o r m easure­
ment chosen, which i s  governed p r im a r i ly  by c o n s id e ra tio n s  o f  a c c e s s ib i l i t y  
and maximal o u tc ro p . Some o f  th e  f in e r  u n i t s ,  such as  th e  p a r a l l e l
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lam inated  s i l t s to n e  h o rizo n s  and mudstones devoid o f  bedding (F ie ld  
photographs Dut) a re  reaso n ab ly  con tinuous l a t e r a l l y  and have been u sed  
e x te n s iv e ly  fo r  f i e l d  c o r r e la t io n .  JS1 and JS2 a re  c o r re la te d  on th e  
b a s is  o f  th e  f i r s t  cyclothem  o r  f i r s t  w e ll-d e fin e d  g ra in  s iz e  cy c le
(P ig . 5 ) .
The g ra in  s iz e  c y c le s ,  o r fin ing-upw ards cy c le s  (A llen , 1965 ) ,  a re  
le s s  w e ll d e fin ed  in  th e  Twofold Bay Form ation than  in  th e  Worange P o in t 
Form ation o r than  in  much o f  th e  Old Red Sandstone from G reat B r i ta in  
to  S p itzbergen  (A llen , 1962, F ig . 19)* However, d e f in i te  s im i l a r i t i e s  
e x is t  between th e  Twofold Bay and Worange P o in t Form ation and a l l  th e se  
sequences in c lu d in g  th e  Old Red Sandstone, th e  M orrison Form ation o f  the  
Colorado p la te a u , th e  C a ts k i l l  f a c ie s  o f  th e  A ppalachians, and th e  Swiss 
M olasse (A llen , 1965c, F ig . 2 ) .
Environment o f  d ep o sitio n  o f  th e  Twofold Bay Form ation 
Choice o f  Environm ental m odel:
On th e  b a s is  o f  th e  fa c ie s  p r in c ip le  (W alther’ s Law o f  F ac ies)
V isher (19 6 5 ) p ro v id es  s ix  d e p o s it io n a l models (F ig . 31-55) c h a r a c te r i s t i c  
o f  s ix  g en era l d e p o s it io n a l environm ents o r environm ental tre n d s  fo r
common c l a s t i c  d e p o s its . Comparative s tu d ie s  o f  re c e n t and a n c ie n t
x — x  try
sedim ents in d ic a te  th a t  th e  p r o b a b i l i ty  th a t  a v e r t i c a l  p r o f i l e  o f  any 
given a n c ie n t sequence o f  rocks f a l l i n g  o u ts id e  o f  th e se  models i s  very  
low. S p e c ific  environm ents o f  o f te n  obvious c h a r a c te r i s t i c s  such a s  
bioherm s, b io stro m es, e v a p o r ite s , a e o lia n  d e p o s its ,  p y r o c la s t i c s ,  e t c . ,  
and t h e i r  m o d if ic a tio n  by o th e r  aqueous p ro c e sse s  o f  d e p o s it io n  and
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e ro s io n , a re  n o t d e a l t  w ith  h e re .
The s ix  V isher (1965) models a re :
R egressive  m arine (F ig . 31)
F lu v ia l (Channel o r  v a l le y  f i l l )  (F ig . 32)
D e lta ic  (F ig . 33)
T ran sg ress iv e  m arine (Fig. 34)
B ath y a l-ab y ssa l (F ig . 34)
L acu strin e  (F ig . 35)*
These s ix  p o s s i b i l i t i e s  can be used co n v en ien tly  a s  a s t a r t in g  p o in t 
fo r  an environm ental a n a ly s is  in  i n i t i a l l y  s e le c t in g  th e  most p robab le  
environm ental model, s in ce  th e  g en e ra l f i e l d  c h a r a c te r i s t i c s  form th e  
b a s is  o f  any environm ental argum ent.
For th e  Twofold Bay Form ation th e  f i e l d  c h a r a c te r i s t i c s  can be 
summarized as  fo llo w s:
(1) G rain s iz e :  c o a rse  to  f in e ,  i . e .  p resence  o f  marked g ra in  s iz e
c y c le s  o r fin ing-upw ards c y c le s .
(2) S o rtin g : v a r ia b le ,  b u t g e n e ra lly  toward poor s o r t in g .
( 3) L itho logy : conglom erate, sandstone , s i l t s t o n e  and sandy mudstone.
(4 ) Sedim entary s t r u c tu r e s :  su b a e r ia l and numerous ty p es  o f  subaqueous
s t r u c tu r e s .
( 5) Geometry: very  l e n t i c u la r  on ou tcrop  s c a le  and l a t e r a l  s t r a t ig r a p h ic
d is c o n t in u i t ie s  common in  co arse  beds.
Three o f  th e  s ix  V isher models sp ec ify  a g ra in  s iz e  v a r ia t io n  from 
coarse  to  f in e ,  which would conceivab ly  r e s u l t  in  fin ing-upw ards c y c le s . 
They a re :
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D e lta ic  environm ent (F ig . 33)
T ran sg ress iv e  m arine environment (F ig . 34)
F lu v ia l o r v a lle y  f i l l  environment ( f ig .  3 2 ).
The t ra n s g re s s iv e  m arine model i s  ru le d  ou t s in ce  th e  geometry o f 
th e  Twofold Bay Form ation sandstone bod ies i s  n o t s h e e t - l ik e  (F ig . 34)*
The d e l ta ic  model (o r  fo r  th a t  m a tte r  th e  re g re s s iv e  m arine model) i s  no t 
a p p lic a b le , s in ce  a r a th e r  h ig h  percen tag e  (3O fo) o f  u n i t s  o f  th e  Twofold 
Bay Pbrm ation c o n s is t  o f  conglom erate (F ig . 35) and s in ce  marked 
m esoscopic l e n t i c u l a r i t y ,  numerous scour s t r u c tu r e s ,  and m ic ro fa c ie s  
changes (F ie ld  photographs Dut) a re  not c h a r a c te r i s t i c  o f  d e l ta ic  
environm ent.
By e lim in a tio n  th i s  le av es  th e  f lu v ia l  o r  v a lle y  f i l l  model a s  th e  
most p rom ising  one. This model g e n e ra lly  ag rees  w ith  th e  v a r ia b le  
s o r t in g  (on th e  poor s id e )  and i s  c o n s is te n t  w ith  bo th  su b a e r ia l and 
subaqueous sedim entary  s t r u c tu r e s .  The absence o f  m arine f o s s i l s  from 
the  Twofold Bay Form ation fu r th e r  s tre n g th en s  th e  cho ice  o f  th i s  model.
The high  conglom erate co n ten t and extrem e l e n t i c u l a r i t y  o f  th e  
co arse  u n i t s  a rgues fo r  a more complex f l u v i a l  model o f  th e  b ra id ed  r iv e r  
ty p e , in  t h i s  case  a  n ear so u rce , sm alle r stream  system o f  h ig h e r g ra d ie n t 
where more sedim ents a re  be ing  brought to  any p a r t  o f  a stream  th an  can 
be removed. A s teep  p a la e o s lo p e , ty p ic a l  o f  an a l lu v ia l  fa n , i s  a lso  
in d ic a te d  by a s tro n g  n o r th e r ly  c r o s s - s t r a t i f i c a t i o n  mode w ith  a  low 
s tan d a rd  d e v ia tio n  in  th e  b a sa l 150 to  25O f t .  (F ig . 24»41» Table 11).
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An alluvial "sand" model:
Introduction: Visher’s (1965) fluvial or valley fill model specifies
a systematic association of particular types of sedimentary structure 
with a given grain size within a cycle. In order to test this kind of 
association for the Twofold Bay Formation, the information of the field 
logs (Fig. 8,9) is summarized in Fig. 22.
For this purpose Bernard & Major’s (1963) somewhat simpler alluvial 
’’sand" model, based on recent meander belt deposits of the Brazos River, 
is adopted. With only stratigraphic sections available, and without 
detailed lateral information and generally poor three-dimensional outcrops, 
it is difficult to apply Visher’s model directly, since it is in part 
based on lateral geometry of the sedimentary units. Visher’s ’’ripple 
cross-bed zone" versus "natural levee" (fine sand and silt, small-scale 
cross-bedding) and "flood plain" versus "back swamp" versus "channel fill" 
(silt-clay, similar sedimentary structures) are difficult to distinguish 
in section in these Devonian rocks which are in part severely deformed 
and cleaved. "Natural levee sediments in most instances cannot be 
differentiated from either the upper zone of the point bar sequence or 
the flood plain deposits, but they may show some topographic expression 
and may develop spillover features and crevassing" (Visher, 1965» P»49)«
Bernard & Major’s (1963) model (Bernard & Major, 1956; Bernard,
LeBlanc & Major, 1962) may be summarized as follows:
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A llu v ia l  P la in  Environment
Flood b a s in  environment o r  back swamp 
Meander B e lt environment 
Abandoned channel 
C u t-o ff  meander o r  oxbow lak e  
N a tu ra l levee  
P o in t bar
Zone o f  sm all r ip p le  c ro ss-b ed d in g  
Zone o f  h o r iz o n ta l  bedding 
Zone o f  g ia n t r ip p le  c ro ss-b ed d in g  
Zone o f  p o o rly  bedded b a sa l g ra v e l.
From th e  p o in t o f  view o f  th e  fin ing-upw ards c y c le s  o f  th e  Twofold 
Bay and Worange P o in t Form ation, th e  p o in t b a r and flo o d  b as in  d e p o s its  
a re  most im p o rtan t.
"The p o in t b a r environm ent (F ig . 59) in c lu d e s  th e  d e p o s it io n a l a re a s  
e n c irc le d  by th e  o u te r  bank o f  a r i v e r  meander. I t  i s  th e  s i t e  o f  most 
a c t iv e  d e p o s it io n  w ith in  th e  a l l u v i a l  v a l le y .
"Cross p r o f i l e s  o f  meander loop channels a re  asym m etrical. The 
Thalweg (Talw eg-German: a x is  o f  g r e a te s t  channel depth) occurs  n ear th e
o u te r  bank, which i s  s teep  and su b je c t to  much u n d e rc u ttin g  and slum ping. 
On th e  c ro ss-ch an n e l p r o f i l e  th e  r i v e r  bed r i s e s  g e n tly  from th e  Thalweg 
toward the  in n e r  bank. The g e n tle  s lope  o f th e  in n e r  bank i s  d e p o s it io n a l 
in  c o n tra s t  to  th e  undercu t o u te r  bank, which i s  e ro s io n a l.
"R iver c ro s s in g s  a re  channel a re a s  between su ccessiv e  meanders
where th e  main c u rre n t c ro sse s  th e  channel from th e  undercu t bank o f  one
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meander to  th e  undercu t bank o f  th e  nex t downstream meander. The r i v e r  
a t  the  c ro s s in g s  i s  c o n sid e rab ly  shallow er than  near th e  concave bank o f  
a meander. I t s  c ro ss-ch an n e l p r o f i l e  i s  somewhat U-shaped.
"M igration  o f  th e  channel o f  a meander loop r e s u l t s  from sco u rin g  
and u n d e rc u ttin g  o f  th e  o u te r  bank and d e p o s itio n  on th e  in n e r  bank, and 
produces a  s e r ie s  o f  a rc u a te  a c c re tio n a ry  b a r r id g e s  and sw ales (s lo u g h s , 
la k es  and ch u te s ) w ith in  the  p o in t b a r a re a . These fe a tu re s  re c o rd  
s tag es  in  development o f th e  p o in t b a r . The d e p o s it io n a l bank s lo p es  
g e n tly  from th e  youngest prom inent r id g e  tow ards th e  Thalweg, b u t sm all 
r id g e s  may cause minor u n d u la tio n s  o f  t h i s  s lo p e . The r e l i e f  o f  th e  
a rc u a te  sw ell and swale fe a tu re s  o f  th e  in n e r  a re a  o f  the  meander loop 
v a r ie s  in  e le v a tio n  from low to  f lo o d -s ta g e  le v e l s .  However, most o f  
th i s  a re a  i s  flooded  only  d u rin g  maximum r iv e r  s tag es"  (B ernard  & M ajor, 
1956) .
P o in t bar d e p o s its  (descending  s t r a t ig r a p h ic  o rd e r) :
Zone o f  sm all r ip p le  marks: Area o f  sm all r ip p le  bedded (c ro s s -
lam inated ) m ainly p o o rly  so rte d  very  f in e  to  f in e -g ra in e d  sands w ith  
th in n e r  ’h o riz o n ta lly *  bedded, f in e -g ra in e d  sands and th in  c la y  la y e r s .  
These sedim ents a re  d e p o sited  over th e  flood  p la in  o f  th e  p o in t  b a r o r 
th e  a re a  enclosed  by th e  in s id e  loop o f  th e  meander by r e l a t i v e l y  s la c k  
maximum flo o d  w ater which i s  overloaded  w ith  f in e -g ra in e d  sed im ents.
Zone o f h o r iz o n ta l  bedding: Area o f  ’h o r iz o n ta l ly ’ bedded, f in e
to  medium -grained sands in te rb ed d ed  w ith  th in n e r ,  sm all r ip p l e  bedded, 
w e ll to  p o o rly  s o r te d , ve ry  f in e  to  medium -grained sands. These sedim ents
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a re  d e p o sited  on th e  in s id e  o f  th e  channel o f th e  meander loop above th e  
g ia n t r ip p le s  and below th e  uppermost p a r t  o f  th e  flo o d  p la in .  T his a re a  
i s  su b je c t to  f lo o d in g  during  h igh  w ater and flo o d  s ta g e s . Windblown 
sands a re  sometimes in te rb ed d ed  w ith  w a te r - la in  sedim ents.
Zone o f  g ia n t r ip p le  bedding: Area o f  g ia n t r ip p le  bedded, m ainly
w ell so r te d , f in e  to  c o a rse -g ra in e d , o c c a s io n a lly  g ra v e life ro u s  sands.
These sands a re  d ep o sited  on th e  d e p o s it io n a l s lope  o f  th e  in s id e  o f  th e
meander loop between th e  le v e l  o f  normal h igh  w ater and a few f e e t  below
low w ater s ta g e . The d i r e c t io n  o f  maximum dip o f  th e  fo r e s e t  beds o f
most g ia n t r ip p le s  i s  d ire c te d  downstream tow ards th e  d e p o s it io n a l bank
(F ig . 39) a t  an an g le  o f c i r c a  tw enty degrees from th e  r iv e r  tre n d . A
g re a t v a r ia t io n  o f  c ro ss-b ed d in g  d ire c t io n s  may be expected in  a meander
b e l t  environm ent, due to  superim posed r i v e r  meanders o f  subsequent age.
A re c e n t example (F ig . 39) (se e  a lso  P e t t i jo h n  & P o t te r ,  1963, F ig . 4-9 ,
C ross-bedding  and P o in t Bars a lo n g  th e  Verm ilion R iver) i l l u s t r a t e s  sm all,
l im ite d  a re a s  o f  c u to f f s  o r  su p e rp o s itio n s  o f  subsequent meanders where 
o o90 to  180 v a r ia t io n  o f  c ro ss-b ed d in g  d ir e c t io n  has been observed .
Depending on th e  o r ie n ta t io n  o f  th e  meander, some o f  th e  c ro ss-b ed d in g  
d ire c t io n s  a re  p o in tin g  u p -d ip  w ith  reg a rd  to  th e  re g io n a l s lo p e . C ontorted  
bedding and slum ping i s  a s s o c ia te d  w ith  s te e p ly  in c l in e d  fo r e s e t  beds o f  
s p i l lo v e r  b a r fe a tu re s  o c c u rr in g  in  th e  d e p o s it io n a l a re a s  o f  bo th  th e  
g ia n t r ip p le  and 'h o r iz o n ta l ly 1 bedded sands. C o n to rtio n s  o f  fo r e s e t  
beds have been observed  a  few days fo llo w in g  th e  flo o d  which d e p o sited  th e
sedim ents.
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Zone of poorly bedded basal gravel: Area of poorly bedded and
poorly sorted, coarse to very coarse-grained sands and gravel deposits.
These sediments are deposited at the basal part of the depositional
slope mainly near the Thalweg and close to the undercut, outside bank 
and
of the meander/at river crossings. Some poor form of graded bedding 
is not uncommon. Mud balls are deposited in the lower point bar deposits 
during high water stages.
Stream flood deposits:
Silt and clay drapes: Finely laminated silt and clay drapes are left
during falling river stages subsequent to a flood. These fine sediments 
settle over depositional surfaces which had been adjusted to the previous 
higher river stages, and all stages of the destruction of drapes displaying 
subaerial desiccation structures have been observed on point bars. The 
drape may be ripple marked. The drape is thinner in the locally high 
places, and thicker in the lower places.
Natural levee and backswamp of flood basin deposits: Natural levees
are very low ridges which flank the flood stage channel of a stream and 
which slope gently toward the backswamp. The width of the natural levee 
is from 60 to 700 times its height (5 to 15 ft). Natural levee sediments 
range from very fine sands and silts to clay. Coarser materials are 
deposited on the levee crust, and progressively finer material on the 
levee backslopes and in flood basins. Cutoff meander fillings or clay 
plugs are common in well-developed meander belts.
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A ty p ic a l  a l l u v i a l  v a l le y  i s  c h a ra c te r iz e d  by sev e ra l meander b e l t s  
and in te rv e n in g  flo o d  b a s in s . The l a t t e r  a re  th e  main d e p o s it io n a l s i t e s  
o f  th e  f in e r -g ra in e d  r i v e r  a lluv ium .
Follow ing B lissen b ach  (1954) a l l  Twofold Bay Form ation flo o d  d e p o s its  
re p re se n t p redom inan tly  stream  flo o d  d e p o s its  r a th e r  than  sh ee t f lo o d  
d e p o s its , due to  th e  absence o f  pebbly  m udstones.
Fining-upw ards c y c le s : In  a  g iven  meander th e  Thalweg m ig ra te s  in
th e  d i r e c t io n  o f  th e  undercu t bank and i s  follow ed by th e  above-m entioned 
zones o f  th e  d e p o s it io n a l s lope  which r e s u l t s  in  a v e r t i c a l ,  fin ing-upw ard  
s e c tio n  o r  c y c le  where g ia n t r ip p le d  d e p o s its  have been la id  down on top  
o f  th e  p o o rly  bedded g ra v e ls , and so on. Such p o in t b a r c y c le s  have been 
observed in  th ic k n e sse s  o f  from 10 to  80 f t .  in  re c e n t sed im ents. The 
backswamp o r flo o d  b a s in  d e p o s its  re p re se n t synchronous l a t e r a l  f a c ie s  
changes o f  th e  p o in t b a r  d e p o s its . Thus, by W a lth e r 's (1893) f a c ie s  
p r in c ip le ,  which forms an in te g r a l  p a r t  o f modem s t r a t ig r a p h ic  co n cep ts , 
p o in t b a r and flo o d  d e p o s its  must succeed each o th e r  in  a  v e r t i c a l  s t r a t ­
ig ra p h ic  s e c t io n , s in c e  no tim e break  e x is t s  a t  the  in s ta n t  o f  a m ajor 
flood  in v o lv in g  p o r t io n s  o f  an a l l u v i a l  v a l le y  o r an a l lu v ia l  p la in  
environm ent.
I f  some ex ten s io n  o f  th e  f a c ie s  concept a s  d iscu ssed  by Y isher 
(1965, p . 41 to  43) i s  a c c e p ta b le , i t  seems f e a s ib le  to  develop models 
(A llen , 1965*» PP* 239~243) in c o rp o ra tin g  subsidence which would r e s u l t  in  
re p ea ted  fin ing-upw ards cy c le s  a s  they  a re  found in  abundance in  th e  
s t r a t ig r a p h ic  column (A llen , 1965^ p p .229-238) and, to  a  le s s e r  e x te n t ,  
in  Recent sedim ents (F isk , 1947» Jahns, 1947» B ernard , LeBlanc & M ajor, 
1962) .
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However, com paratively  minor sedim entary  tra n s g re s s iv e  and re g re s s iv e  
tre n d s  a t  th e  la n d -sea  in te r f a c e  may be a l l  which has to  be i n i t i a l l y  
invo lved . S c ru to n 's  (i9 6 0 ) study  o f th e  M iss is s ip p i d e l ta ,  in  which 
he in tro d u ce s  the  concept o f  im b ric a tin g  d e l ta s  w ith  a l t e r n a t in g  d e s t r u c t ­
iv e  and c o n s tru c tiv e  p h ase s , i s  p robab ly  th e  most p rom ising  model in  th e  
case o f  m arg inal seas in  te c to n ic a l ly  su b sid in g  a re a s .
"Large a l l u v i a l  p la in s  a t  r i v e r  mouths a re  b u i l t  up in  a 
s tep  by s tep  manner. Local d e l ta  c o n s tru c tio n  i s  fo llow ed 
by p a r t i a l  d e s tru c t io n , and l a t e r  by an o th er c o n s tru e tu ra l  
phase. A la rg e  a l lu v i a l  p la in  c o n s is ts  o f  sev e ra l im b ric a t­
in g  d e l ta s ,  each ly in g  p a r t ly  on th e  to e s  o f  e a r l i e r  d e l ta s  
and p a r t ly  on th e  su rfa c e  th a t  e x is te d  p r io r  to  any d e l ta  
b u ild in g "  (S cru to n , 1960).
I t  seems p rom ising  to  v is u a l iz e  th e  m u ltip le  successio n  o f  f in in g -  
upward cy c le s  in  a n e a r -sh o re  a l l u v i a l  fan  o r  c o a s ta l  p la in  as  th e  
ad m itted ly  complex, landw ard f a c ie s  exp ress io n  o f  im b rica tin g  d e l ta  
phases where each fin ing -upw ard  c y c le  has a p a r t i c u la r  r e la t io n s h ip  to  
a given im b ric a tin g  d e l ta  o r d e l ta ic  phase which i s  m odified  somewhat by 
lo c a l co n d itio n s  o f  f lo o d in g  and meander developm ent. In  case  o f  in la n d  
r i v e r  te r ra c e s  and fin ing-upw ard  c y c le s , which a re  many knick  p o in ts  
above sea l e v e l ,  i t  may be n ecessa ry  to  c o n sid e r c l im a tic ,  geom orphological 
and te c to n ic  c r i t e r i a  s im u ltan eo u sly  in  o rd er to  a r r iv e  a t  an ex p lan a tio n  
o f  th ese  c y c le s  (B u tle r ,  1964)*
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The Alluvial ,lsand1 model and the Twofold Bay Formation:
Introduction: Although Visher's (1965) models seem to argue for
a fluvial environment of deposition on the basis of general characteris­
tics, this conclusion has an obvious methodological weakness in the 
present climate of thought which requires a continuous feedback mechanism 
for primary and preferably unrelated observational data while constructing 
a hypothetical argument of maximal content of validity.
On the basis of the nature of the field observations made, one way 
of testing this preliminary environmental conclusion is to assess the 
degree of correlation of certain sedimentary structures with grain size.
The log (Fig. 22) represents an attempt to convey a statistical measure 
of such correlation. Fig. 22 shows four groups of columns summarizing 
the stratigraphic position of the vertical profile on the left, a com­
parison of the observational data (grain size and sedimentary structures) 
on the right, and the environmental interpretation in the centre. On the 
far right the colour of the strata, as obtained from a colour chart 
comparison (Fig. 8,9)> is summarized in terms of the major hues.
The grain size data and sedimentary structures are plotted in such 
a manner that in a given fining-upwards cycle both the representations 
of grain size and associated sedimentary structures (Bouma, 1962, pp. 12-17) 
will, while ascending stratigraphically, slope towards the right if the 
alluvial “sand" model is applicable.
The stratigraphic occurrence of the following sedimentary structures 
is summarized (Fig. 22) on the basis of the field logs (Fig. 8,9)s
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(1) U nit w ith  concave bottom  and f l a t  top (scou r and f i l l  s t r u c tu r e ,  
ch an n e l, washout) -  i r r e s p e c t iv e  o f w idth  (up to  80 f t .  in  Twofold 
Bay Form ation) and i r r e s p e c t iv e  o f  th ic k n e ss  (JQ/o between 2 f t .  -  
16.5 f t .  in  Twofold Bay Form ation).
( 2) Clay pebb les ( s h a le  c l a s t s )  and n e s ts  o f  c lay  pebb les (most f a i r l y  
w ell rounded in  Twofold Bay Form ation).
(3) T ransverse  mega r ip p le s  (g ia n t r ip p le s ,  la rg e - s c a le  c ro s s ­
s t r a t i f i c a t i o n )  -  i r r e s p e c t iv e  o f  shape o f  lam inae o r o f  tru n c a tio n ;  
p re s e n t h e ig h t 1 f t .  to  18 f t .  ( in  Twofold Bay Form ation average
h e ig h t 4 f t . ) .
(4 ) Convolute la m in a tio n , slump s t r u c tu r e ,  oversteepened  g ia n t r ip p le s  
(much more common in  Worange P o in t than  in  Twofold Bay Form ation) 
o r d is tu rb e d  la m in a tio n s .
(5 ) P a r a l le l  o r very  s l i g h t ly  wavy o r  s l ig h t ly  u n d u la tin g  lam in a tio n  -  
p redom inantly  l e s s  than  \  in ch ; sometimes g ra d a tio n a l to  about 1 in c h .
(6) C urren t wave r ip p le s  o r c u r re n t r ip p le  lam in a tio n s  w ith  fo re s e t  
lam inae ( s m a ll-s c a le  c r o s s - s t r a t i f i c a t i o n )  le s s  than  2 in ches h ig h , 
wave le n g th  u s u a l ly  le s s  than  4 in ch es  (up to  about 8 in ch es  wave 
le n g th  have been o b serv ed ). These o b se rv a tio n s  may in c lu d e  wave 
r ip p le  lam in a tio n s  o f  le s s  th an  8 in ches wave le n g th .
(7 ) Wedge-shaped la y e r s  (g re a te r  th an  £  inch ) o f  f o r e s e ts  o f  la r g e - s c a le  
(1 f t .  -  18 f t .  h e ig h t)  and sm a ll-sc a le  (2 inches -  1 f t .  h e ig h t)  
c r o s s - s t r a t i f i c a t i o n  i r r e s p e c t iv e  o f  shape o f  lam inae. U su a lly  more 
than  16.5 f t .  lo n g , bu t they  occur a lso  in  th e  3 -  16.5 f t .  ran g e . 
These s t ru c tu re s  have been observed  in  th e  Worange P o in t Form ation 
on ly  (F ig . 23) .  I t  i s  n o t always p o s s ib le  to  e s ta b l is h  w hether th e
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wedge shape is a result of depositional or erosional processes, or 
both.
Convent Section (JS1): A comparison of the grain size or fining*-
upwards cycles, on the basis of the lithological field log (Fig. 8) and 
associated sedimentary structures (Fig. 22), displays a well-developed 
25 ft. point bar type cycle on the top (JS1, units 29-33)> consisting 
of the basal two zones. The zone of horizontal bedding and zone of small 
ripple marks are missing. Further north along strike the top of the 
cycle incorporates red mudstones overlain by parallel, well-laminated 
siltstones. In case of a fluvial interpretation this ’horizontal’ 
siltstone may represent a natural levee deposit overlying fine flood 
basin sediments.
The immediately underlying cycle (JS1, units 20-28) resembles an 
abnormally coarse and poorly defined basal point bar cycle with the 
uppermost zone missing. The 'horizontal' bedding zone is represented by 
the virtually structureless red mudstone unit 28, in which parallel 
laminations are barely visible occasionally. Unit 28 could just as well 
represent a clay drape. The basal units (JS1, units 3~19) represent the 
Wolumla Conglomerate Member, with finer interbeds and, on the basis of 
sedimentary structures, they may roughly be correlated with the two basal 
zones of the point bar cycle.
In general, the sedimentary structures of JS1 correlate poorly with 
the expected point bar cycle, except at the very top. The topographically 
highest zones of the point bar are missing (zone of horizontal bedding 
and zone of small ripple marks) and the cycles are exceptionally coarse.
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In th e  b a sa l p a r t  (JS 1 , u n i t s  4-28) th in  mudstone u n i t s ,  which a re  
c l a s s i f i e d  as  c la y  d ra p e s , a re  very  common.
I t  i s  concluded th a t  th e  f lu v ia l  environment i s  p robab ly  more o f  
the  b ra id ed  r i v e r  r a th e r  than  th e  m eandering r i v e r  ty p e , s in ce  th e  two 
upper zones o f  the  p o in t b a r cy c le  a re  o f te n  m issin g . I t  i s  th e re fo re  
necessa ry  to  check o u t a b ra id ed  r i v e r  model in  d e t a i l .
Swimming Pool S ec tio n  ( jS 2 )i The u n i ts  2 to  62 o f  th e  Convent 
se c tio n  com prise m inim ally  n ine  p o in t b a r  type g ra in  s iz e  o r f in in g -  
upwards c y c le s , ra n g in g  in  th ic k n e ss  from 6 to  $0 f t .  (F ig . 9)» S im ila r 
to JS1, th e  g ra in  s iz e  c y c le s  ten d  toward conglom erate and conglom eratic  
sandstone , s in ce  the  more f in e -g ra in e d  zone o f  h o r iz o n ta l bedding i s  o f te n  
m issing . The upperm ost p o in t b a r zonerof sm all r ip p le  marks i s  p re s e n t 
in  only  one cy c le  (JS2, u n i t  52-39)» Clay drapes a re  p re se n t in  abundance 
throughout th e  whole sequence.
Im m ediately o v e rly in g  JS2, u n i t  62, two "coarsening-upw ards** c y c le s  
(JS2, u n i t  63- 69, and u n i t  70-78) seem in d ic a te d , a lthough  th e  sed im entary  
s t ru c tu re s  a re  s t i l l  c o n s is te n t  w ith  a p o in t b a r sequence. The 
d e p o s it io n a l environm ent o f  th e se  coarsen ing-up  wards cy c le s  w i l l  be 
d iscussed  under th e  Lower B e l lb ird  Creek Form ation. For th e  purpose o f  
th i s  s e c tio n  th e  t r a n s i t i o n a l  boundary between th e  Twofold Bay and 
B e llb ird  Creek Form ation i s  p laced  between u n i t  62 and 63»
This r e v e r s a l  o f  th e  g ra in  s iz e  cy c le s  co in c id es  roughly  (w ith in  
17 f t . ,  F ig . 9) w ith  th e  t r a n s i t io n a l  Twofold B ay -B ellb ird  Creek Form ation 
boundary and th e  d isap p earan ce  o f  p u rp le , re d  and brown s t r a t a  in  JS2, 
a lthough  re d d ish  sh a le  c l a s t s  a re  s t i l l  o c c a s io n a lly  p re s e n t .  At Edrom
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(JS12) brown and reddish strata reoccur at large intervals higher up in 
the Bellbird Creek Formation. JS2, Unit 42, stratigraphically 70 ft. 
below the base of the Bellbird Creek Formation, marks the first appearance 
of thin green and grey mudstone, siltstone and sandstone horizons.
Both sections (JS1, Unit 14-19, and JS2, unit 41-46) of the Twofold 
Bay Formation include only one major red fine-grained flood deposit 
(Fig. 9) of 25 ft. thickness. The Edrom section (JS12, unit 17) contains 
the first major red mudstone (26 ft. thickness) at 109 ft. above the 
Eden Rhyolite, or in approximately the same stratigraphic position as 
JS2 (Units 41-46). Hall (1957» Fig. 42) records the first major red 
shale horizon (55 ft. thickness) 50 ft. stratigraphically above the Bega 
Granite at Wolumla Peak. It is conceivable that all these fine-grained 
units record the same event and that it may be considered a time line, 
whereby the widely varying stratigraphic position above the base of the 
Merrimbula Group is ascribed to varying topographic relief. JS1 is 
problematic from this point of view. Irrespective of this possibility,
JS1, JS2 and JS12 have been correlated on the basis of the first well- 
developed cyclothem in this study (Fig. 5)*
The stratigraphic details of the Twofold Bay Formation at Edrom 
(basal part JS12) is in general agreement with conclusions reached with 
regard to JS1 and JS2.
In general, it is concluded, similar to JS1, that the fining^upwards 
cycles and associated sedimentary structures are consistent with a fluvial 
environment. This fluvial environment is probably more of the braided 
river rather than of the meandering river type, since the point bar
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cy c le s  a re  more o f te n  incom plete a t  th e  to p .
On th e  b a s is  o f  th e  re v e rse d  g ra in  s iz e  c y c le s  i t  i s  concluded th a t  
th e  Twofold Bay -  B e l lb ird  Creek boundary t r a n s i t io n a l ly  marks a change 
o f  environm ent o f  d e p o s it io n , which i s  supported  by a co lo u r change and 
d i f f e r e n t  l i th o f a c ie s  c h a r a c te r i s t i c s .
A braided r iv e r  model:
According to  Doeglas (1962) a  m eandering r iv e r  d i f f e r s  from a 
b ra id e d  r i v e r  m ainly in  reg a rd  to  d isch arg e  and s lo p e  (see  a lso  Leopold 
& Wolman, 1957» Holmes, 1965). B raided r iv e r s  show very  la rg e  f lu c tu a t io n  
in  d isch a rg e , which i s  m ainly a fu n c tio n  o f -
(1) C lim atic  c o n d itio n s : a r id  o r  se m i-a r id , w ith  heavy c lo u d b u rs ts
and lo n g , d ry  p e r io d s ; o r  a r c t i c ,  w ith  long  p e rio d s  o f snow fall and 
ra p id  thaw ing.
(2) Impermeable su b so il in  th e  catchm ent a re a  and a lo n g  th e  cou rse  
o f  th e  r i v e r .
(3) L i t t l e  v e g e ta tio n .
(4) A s teep  g ra d ie n t .
The fo llo w in g  nom enclature i s  used  by Doeglas (1962):
(a) River p la in : the en tir e  area covered with water a t the h igh est
flo o d  p e r io d s .
(b) R iver bed : th e  a re a  covered by th e  b ra id ed  channel p a t te r n ,
in c lu d in g  e lo n g ated  b a rs  and is la n d s .
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(c ) Flood p l a in : th e  a re a  f la n k in g  th e  r iv e r  bed and on ly  covered a t
h igh  flo o d  p e r io d s . (Note th a t  flo o d  p la in s  in  a  b ra id ed  
stream  system e x is t  on bo th  s id e s  o f  th e  r i v e r  bed, which i s  
n o t n e c e s s a r i ly  m ig ra tin g . Such a  system does n o t n e c e s s a r i ly  
r e s u l t  in  com plete p o in t b a r  c y c le s ) .
(d) C hannels: w ater co u rses  c a r ry in g  w ater du ring  p e rio d s  o f  medium and
low w ater.
For a g iven  b a n k fu ll  d isch a rg e , b ra id ed  r iv e r s  u s u a lly  r e q u ire  a 
h ig h er g ra d ie n t than  m eandering r iv e r s  (Holmes, 1965, P«54-0»
According to  D oeglas ( 1962, Table I I ) ,  a  s e m i-q u a n tita tiv e  e s tim ate  
o f  th e  sedim entary  s t ru c tu re s  (Table 7 ) may be used to  d is t in g u is h  between 
tu r b id i te s  and b ra id ed  r i v e r  d e p o s its .
On the  beSis o f  th e  sed im entary  s t r u c tu r e s ,  a tu r b id i ty  c u rre n t o r ig in  
i s  ru le d  ou t fo r  th e  Twofold Bay Form ation, and a b ra id ed  r iv e r  environment 
i s  s tro n g ly  favoured  (T able 7)« A ll m ajor Twofold Bay Form ation c h a ra c te r ­
i s t i c s  ag ree  w ith  B lisse n b a ch ’ s (1954) c r i t e r i a  fo r  re c o g n itio n  o f 
a n c ie n t a l lu v i a l  fan  and ta lu s  s lope  d e p o s its , except th e  p resence  o f 
mud flow s. No pebbly  mudstones a re  p re se n t in  th e  Twofold Bay Form ation.
No mud f lo w - lik e  u n i t s  in  excess o f  1 f t .  have been id e n t i f i e d ,  which may 
in d ic a te  th a t  th e  mean annual p r e c ip i ta t io n  exceeded 2 0 - 2 5  in ch es .
A ll f lo o d  d e p o s its  a re  thought to  re p re se n t stream  flo o d  r a th e r  than  shee t 
f lo o d  d e p o s its , a lth o u g h  o th e r  f a c to r s  such as th e  k ind  o f  r a i n f a l l ,  i t s  
d i s t r ib u t io n  throughout th e  y e a r , and v e g e ta tio n  a lso  c o n tro l th e  types 
o f  d e p o s its  developed (B lissen b ach , 1954)» An e s tu a r in e  environment w ith  
e x c e p tio n a lly  co arse  conglom eratic  sed im ents, which in  many ways resem bles
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Table 7
B raided R iver Sedim entary S tru c tu re s  o f  th e  Twofold Bay Formation
A fte r Doeglas (1962)
lype o f  bedding and 
lam in a tio n s
T u rb id ity
c u rre n ts
B raided R ivers




h o r iz o n ta l  bedding common over r a r e  ( in  b a rs
long  d is ta n c e s  common)
r a r e  in  a l l  co arse  
d e p o s its , l e n t i c ­
u la r  on outcrop  
s c a le
graded bedding common r a r e common in  term s o f  
maximum g ra in  s iz e  
p a r t i c u la r ly  in  
g ia n t r ip p le  
ho rizo n s
channel bedding common ? common common
convolu te  lam in a tio n s common n o t observed very  r a r e
h o r iz o n ta l  lam in a tio n s common r a r e  ( i n  b a rs  
common)
r a r e  b u t in c re a s ­
in g  toward top
o b liq u e  lam in a tio n s in  r ip p le  
marks
p re se n t p re se n t
channel lam in a tio n s  
(fe s to o n s )
p re se n t common f a i r l y  common
pebb le  o r ie n ta t io n ,  
lo n g  axes
p a r a l l e l  to  
c u rre n t
p erp endi c u la r  
to  c u rre n t
n o t s tu d ied
cro  s s - la m in a tio n s *? common common
g ra in  o r ie n ta t io n ,  
long  axes
p a r a l l e l  to  
c u rre n t
p erp end i c u la r  
to  c u rre n t
n o t s tu d ie d
in c l in a t io n v a ry in g upstream  in  
cobb les and 
p ebb les
o c c a s io n a lly  up­
stream
load  c a s ts common p re s e n t ? p re se n t ?
f lu t e  c a s ts common r a r e none observed
c u rre n t r ip p le  marks common common ra r e
c u rre n t mega r ip p le s r a r e common v ery  common
g ra in  s iz e from cobb les 
to  c la y
from cobb les to  
sand w ith  s i l t  
and c la y  i n t e r ­
c a la t io n s
cobb les to  sand to  
s i l t ,  mudstone 
in te r c a la t io n s  very  
common
s o r t in g poor poor poor
re g io n a l d i s t r ib u t io n la rg e  a r e a l  
d i s t r ib u t io n
la rg e  a r e a l  
d i s t r ib u t io n
p re s e n t a l l  over 
map a re a
sedim ent types la y e r s  v a ry in g  cobb les to coarse
from cobb les sand, s i l t  and
to  c la y  in  c la y  r e s t r i c t e d
m arine to  channels  and
environm ent th in  flo o d  p la in
co v er, f in e  c lay  
n e a r ly  ab sen t
cobbles to  medium 
sand. S i l t  & mud­
sto n e  p re s e n t .  One 
25 f t .  mudstone 
h o rizo n  -  no f in e  
c lay
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th e  p a t te r n  o f  b ra id e d  r iv e r s  (Dunbar & Rodgers, 1957» P»74)> i s  ru le d  
ou t by th e  h ig h  p e rcen tag e  o f  th in  mudstone in te rb e d s . Under t i d a l  
c u rre n t c o n d itio n s  s tro n g  enough to  rea rra n g e  and t ra n s p o r t  g ra v e l, th e  
d e p o s itio n  o f  th in  mudstone u n i t s  i s  most u n l ik e ly , s in ce  th e se  c u rre n ts  
would keep s i l t  and c la y  p a r t i c l e s  in  permanent suspension  and c a r ry  i t  
seaward. The very  weak so u th e r ly  c r o s s - s t r a t i f i c a t i o n  mode in  th e  b a sa l 
100 f t .  (F ig . 24 & 41) probab ly  re p re s e n ts  up-stream  a c c re tio n  o f  
e longated  g ra v e l and sand b a rs  a t  r i v e r  c ro sso v e rs .
Environm ental c o n c lu s io n s :
On th e  b a s is  o f  f i e l d  c h a r a c te r i s t i c s  i t  i s  concluded th a t  th e  most 
p robab le  environm ent o f  d e p o s itio n  o f  th e  Twofold Bay Form ation i s  th a t  
o f  a b ra id ed  r i v e r  environm ent which may t r a n s i t i o n a l ly  have resem bled a 
m eandering r i v e r ,  r e s u l t i n g  in  p o in t b a r  type d e p o s its , e s p e c ia l ly  toward 
th e  upper h a lf  o f  th e  sequence.
The Twofold Bay Form ation i s  th u s  thought to  rec o rd  th e  development 
o f  an a l lu v ia l  fan  by a  b ra id ed  stream  system flow ing  toward th e  n o rth .
In th e  most so u thern  p a r t  o f  th e  map a re a  a topograph ic  h igh  e x is te d  
where th e  Wolumla Conglomerate Member (Convent a t  Eden, and Edrom) 
re p re se n ts  t r a n s i t io n a l  t a lu s  s lope  d e p o s its  o f  a  fanhead a re a . The 
annual mean p r e c ip i ta t io n  may have exceeded 25 in c h es . In  g e n e ra l, 
m oderately  a r i d  to  se m i-a r id  c lim a te  i s  fav o u rab le  fo r  th e  development 
o f a l lu v ia l  fans (B lissen b ach , 1954)*
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ANALYSIS OP THE BELLBIRD CREEK FORMATION (MERRIMBULA GROUP)
Summary o f  f ie ld , d a ta  
D e f in itio n  o f  th e  B e llb ird  Creek Form ation;
In  th e  Eden-Merrimbula a re a  th e  d e f in i t io n  o f  th e  base  and th e  top 
o f  the B e l lb ird  Creek Form ation i s  g iven re s p e c t iv e ly  by the top o f  th e  
u n d e rly in g  Twofold Bay Form ation and th e  base o f  th e  o v e rly in g  Worange 
P o in t Form ation. In  d is c u s s in g  th e  B e llb ird  Creek Formation i t  i s  con­
v e n ie n t to  d is t in g u is h  between a  low er and upper B e llb ird  Creek Form ation. 
The p re se n t s t r a t ig r a p h ic  s e c tio n s  (JS4, JS12, JS13, JS15) do no t p erm it 
the  form al d e f in i t io n  o f  a  boundary between th e  lower and upper B e l lb ird  
Creek Form ation. This boundary l i e s  approx im ately  halfw ay in  th e  covered 
in te r v a l  o f  JS15 ( F ig .24) and in  the  m iss in g  in te r v a l  fo llo w in g  th e  
f a u l t  between JS12 and JS13 (F ig . 3 ) .  At H a l l 's  ( 1957* F ig . 42) Wolumla 
Peak s e c tio n  th e  same boundary i s  given a t  th e  base o f  th e  270 f t .  u n i t  
o f  sandstone , b u ff  co lou red  sandy sh a le , and q u a r tz i te .  The lower 
B e llb ird  Creek Form ation in c lu d e s  numerous in te rb e d s  o f  g ra n u la r  
conglom erates, w hile  th e  upper B e l lb ird  Creek Form ation c h a r a c te r i s t i c a l ly  
c o n s is ts  o f  medium g ra in ed  sandstone and f in e r  sed im ents, and on ly  r a r e ly  
in c lu d e s  h o rizo n s o f  co arse  sandstone . In  t h i s  study th e  Edrom s e c tio n  
(JS12) i s  used  as  th e  type s e c tio n  o f  th e  lower B e llb ird  Creek Form ation, 
w hile  th e  b a sa l 350 f t .  o f  th e  Worange P o in t s e c tio n  (JS4 ) se rv es  a s  th e  
type fo r  th e  upper B e l lb ird  Creek Form ation. Red mudstone beds 
( s t r u c tu r e le s s ,  e s s e n t ia l ly  w ithou t lam inae o r bedding) a re  com pletely  
m issin g  in  th e  m easured s t r a t ig r a p h ic  s e c t io n s , except a t  th e  v e ry  base
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(JS12) and at the very top (JS13)* This fact is the primary criterion 
in the field recognition and definition of the Bellhird Creek Formation. 
Reddish sandstone units are present in Edrom (JS12, JS13), but do not 
occur at Worange Point (JS4).
Long Beach section (JS15):
The minor fault separating JS12 and JS13 necessitates the evaluation 
of the stratigraphic thickness between JS2 and JS4 (Fig. 2). This 
covered interval is referred to as JS15 (Fig. 3)» In order to estimate 
the thickness of JS15 it is required to obtain the regional plunge of 
the second order Eden Anticline (Fig. 2). This was accomplished by 
calculating 132 fourth and third order fold plunges in the Eden-Nethercote- 
Pambula area on the basis of cleavage-bedding intersections and a limited 
number of direct plunge readings. Hundreds of cleavage readings established 
a roughly axial plane, meridional cleavage.
The 132 plunges outline several plunge sub-areas related to regional 
plunges and plunge reversals of the second order folds. Eighteen plunges 
are arealy related to the Eden Anticline south of Mount Bimmel and display 
a strong plunge mode at 10° N. The arithmetic average of these 18 3rd 
and 4th order plunges is 8° 54* • Or the basis of this plunge and the 
trigonometric field data taken over a distance of about one mile, the 
covered stratigraphic interval of JS15 is calculated as 775 It. JS15 
has been approximated to 800 ft. on Fig. 3 and the cumulative footage of 
the Merrimbula Group. JS12 (Edrom section) covers almost 600 ft. of this 
covered interval of JS15«
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General characteristics:
The lower Bellbird Creek Formation i s  characterized by the presence 
o f white or grey sub-labile arenites (Crook, I960) (Fig. 27) of granule 
conglomerate, with le ss  than 5 small pebbles, brown or grey sandstones, 
and green and brown sandy shales. The overall sorting appearance i s  
considerably better than in the underlying Twofold Bay and overlying 
Worange Point Formations. Particularly in the upper Bellbird Creek 
Formation units o f alternating brown sandy and green muddy laminae are 
typ ical, whereby minor units and groups o f laminae have a fa ir  degree o f  
len tieu larity . In many o f the whitish sub-labile arenites o f the lower 
Bellbird Creek Formation individual laminae which more often than not are 
truncated at the top by an erosional surface, are very well sorted. In 
the granular conglomerate size  range they are often s ligh tly  bimodal. 
Similar to the uppermost Twofold Bay Formation, the lower Bellbird Creek 
Formation i s  recognizable by the presence of granule conglomerate, often  
with the major mode in  the 2 - 4 size  range. Such size  modes are 
generally thought to be very  uncommon in  sediments around the world 
(Pettijohn, 1957, pp.47-48).
F ossil content and a/?e:
Present f ie ld  work established that a l l  known marine fo s s il  
lo c a lit ie s  o f the Merrimbula Group are located within the surface outcrops 
o f the newly established Bellbird Creek Formation. In the southern part 
of the map area these lo c a lit ie s  are a l l  within the upper Bellbird Creek 
Formation, while north of Merrimbula they seem to occur throughout the
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entire formation. Ball (1957) reviews the identifications and lists the 
following:
Rhynchonella pieurodon 
Rhynchonella (?) cuboides 











Hall obtained Lingula sp. from the fossil locality at Bellbird Creek, 
which is located in the upper part of the Formation. It is not known 
whether this specimen was found in living position.
The author's collection of brachiopods from Yellow Pinch Creek and 
from Boumda Creek is in the hands of Dr. J. Talent, who will publish 
identification in the near future. All specimen collected ty the writer 
indicate transportation and concentration by currents. All Yellow Pinch 
specimens were found in situ. Some of the Boumda Creek specimens 
have been taken from creek boulders.
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T alen t (p e rs .  commun.) re p o r ts  th e  fo llo w in g  p re lim in a ry  determ in­
a t io n :
Bournda Creek -  No. 835 -  Eden-Merrimbula a re a :
”Cyphoterorhynchus sp . nov. -  A new sp ec ie s  w ith  l e s s  median
and l a t e r a l  p l ic a t io n s  than  C. pu teana  (V eevers). Specimen 
i s  c lo s e r  to  th a t  sp ec ie s  than  th e  on ly  known one 
C. k o rag h en sis  (R eed). As p re s e n tly  known, th e  genus i s  
r e s t r i c t e d  to  th e  Upper F rasn ian , and on t h i s  b a s is  an Upper 
F rasn ian  age i s  most l i k e l y ” .
Yellow P inch  Creek -  No. 750 -  Eden-Merrimbula a re a :
"C y r to s p ir i f e r  a u s t r a l i s  (Maxwell) 
p ro d u c te l l id  in d e t .  
rh y n c h o n e llid  in d e t .
This m a te r ia l  in d ic a te s  roughly  th e  same age a s  th e  Upper 
Devonian Mount Lambie fauna” .
H a l l 's  f o s s i l  c o l le c t io n ,  i d e n t i f i e d  by H. 0 . F le tc h e r ,  i s  s a id  to  
be o f  Upper Devonian Age, and p o s s ib ly  h ig h  in  th e  s e r ie s  (H a ll, 1957» 
p .1 0 9 ).
The B e llb ird  Creek Form ation i s  thus o f  Upper Devonian Age, p ro b ab ly  
Upper F rasn ian  to  Famennian.
Sedim entary s t r u c tu r e s :  ( H e ld  photographs Dub)
Both th e  lower and upper B e llb ird  Creek Form ations a re  c h a ra c te r iz e d  
by p la n a r  c r o s s - s t r a t i f i c a t i o n  o f  u s u a lly  l e s s  th an  1 f t .  h ig h ,
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r e p re s e n tin g  m ig ra tin g  tra n s v e rs e  mega r ip p le s ,  bu t la r g e r  p la n a r  and 
sim ple c r o s s - s t r a t i f i c a t i o n  a lso  o ccu rs . R ipp le  marks o f  a l l  ty p e s , w ith  
f a i r l y  lo n g  c r e s t s ,  a re  p a r t i c u la r ly  common in  the  upper B e l lb ird  Creek 
Form ation (JS4) and th e  h ig h e r p a r t s  o f  th e  lower B e l lb ird  Creek Form ation 
(JS 12), and t h e i r  p resen ce  even in  re d d ish  w e ll-lam in a ted  sh a le  has 
proven in v a lu a b le  d u rin g  fo rm atio n a l mapping. T heir s t r a t ig r a p h ic  
o ccu rren ce , to g e th e r  w ith  a l l  o th e r  sedim entary  s t ru c tu re s  observed in  
one v e r t i c a l  p r o f i l e ,  a re  com piled in  a  Bouma type f i e l d  lo g  (F ig . 10,
Table 8 & 9)» C urren t d i r e c t io n  taken  from c r o s s - s t r a t i f i c a t i o n  and r ip p le  
marks o f  234 s t r a t ig r a p h ic a l ly  c o n tro lle d  read in g s  (F ig . 24) o f  th e  
B e l lb ird  Creek Form ation show th re e  modes (F ig . 41)» Follow ing Tanner 
0955» 1959) th e  modes, which a re  90° and 180° a p a r t ,  a re  in te r p r e te d  a s : 
The n o r th e a s t  and southw est modes a re  taken  to  in d ic a te  l i t t o r a l  c u r re n ts  
and th u s  th e  palaeo  geo g raph ic  shore l in e  tre n d . The so u th ea s t mode th u s  
r e p re s e n ts  sedim ent t r a n s p o r t  d i r e c t io n  dow n-palaeoslope. The source 
a re a  was toward th e  no rthw est o r  w est, a s  in d ic a te d  by a good minimum 
(F ig . 4 1 ). The c le a r ly  non-G aussian , skewed su b s id ia ry  n o rth e rn  component 
(F ig . 41) i s  d iscu ssed  under "P robable  palaeow ind d ire c t io n "  where i t  i s  
concluded th a t  d u rin g  th e  d e p o s it io n  o f  th e  e n t i r e  M errimbula Group th e  
palaeow ind d ir e c t io n  was toward th e  n o r th .
In  th e  upper B e l lb ird  Creek Form ation in te r fe re n c e  r ip p le s  and 
r ip p le d  troughs have a lso  been n o ted . In  th e  f in e r -g ra in e d  d e p o s its ,  
u n d u la tin g  and r ip p le d  bedding p la n e s , w ith  o r  w ithou t co in cid en ce  o f  
su p e rp o sitio n ed  c r e s t s  and tro u g h s , a re  common.
S m all-sca le  sco u r s t ru c tu re s  a re  n o t p a r t i c u la r ly  common, b u t appear 
to  be more freq u en t i n  th e  low er B e llb ird  Creek Form ation, a lth o u g h  sh a le
clasts are sporadically present throughout the whole sequence. Sand 
pockets in the lower Bellbird Creek Formation, which resemble small 
scours, are interpreted as back shore features, although both their 
identification and restrictions in regard to the back shore of high energy- 
beaches is by no means certain (McKee, 1957; Soliman, 1964)•
Ball and pillow structures, which have been attributed to quicksand 
conditions (Shelley, 1964, Shearman, 1964), have been observed in the 
upper Bellbird Creek Formation.
Generally speaking the laminae of the lower Bellbird Creek Formation 
are much less disturbed than those of the upper Bellbird Creek Formation. 
In the upper part, horizons with disturbed to veiy disturbed laminae 
occur at intervals, although less than half of these disturbances can be 
unequivocably related to organic activity. It is therefore concluded that 
invertebrate macro-fauna, both soft and shelly, was not particularly 
common, as already indicated by the scarcity of identifiable macrofossils. 
A sample of the least oxidized, darkest green horizon (JS4, unit 51) 
yielded no pollen-like structures. Although some of the disturbance is 
undoubtedly of organic origin, much of it is not. Broken laminae and 
curled or bent laminae are fairly common and are interpreted as 
desiccation structured. Some drag or rill marks, and possibly trails, have 
been observed. Rain prints (Hall, pers. commun.) from the general 
Bellbird Creek area support an argument in favour of an at least temporary 
subaerial exposure of the upper Bellbird Creek Formation. Many of the 
disturbed horizons are due to slumping or similar more likely subaqueous 
instability structures in which coarser horizon may have collapsed into 
a supersaturated and mobile underlying horizon.
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The lower B e l lb ird  Creek Form ation c o n ta in s  coarsening-upw ards 
sequences o f  v a rio u s  magnitude (F ie ld  photographs Dub). No graded 
bedding has been observed  in  th e  upper B e l lb ird  Creek Form ation (F ig . 10). 
The maximum g ra in  s iz e  o f  th e  upper B e llb ird  Creek Form ation i s  e i th e r  
th e  same o r on ly  s l i g h t ly  la r g e r  than  th e  mean g ra in  s iz e ;  however, th e  
c o n ten t o f  f in e  p a r t i c l e s  i s  h ig h . The low er B e l lb ird  Creek Form ation 
d isp la y s  some graded  bedding and re v e rse d  graded bedding in  th e  form 
o f th e  coarsening-upw ards sequences.
Sedim entation u n i t s :
The sed im en ta tio n  u n i t s  o f  th e  B e l lb ird  Creek Form ation a re  l a t e r a l l y  
co n sid e rab ly  more con tinuous and tend  to  be o f  more c o n sta n t th ic k n e ss  
on th e  ou tcrop  s c a le  than  th o se  o f  th e  u n d e rly in g  Twofold Bay Form ation. 
Wherever th e  d e ta i le d  s t r a t ig r a p h ic  s e c tio n s  o v e rla p , a l l  su ccess iv e  
m ajor u n i t s  o f th e  o rd e r o f  10 to  80 f t .  can be c o r re la te d  over a  d is ta n c e  
o f  up to  8 m iles  on th e  b a s is  o f  g en era l l i th o lo g y , co lo u r and s t r a t ­
ig ra p h ic  p o s i t io n  (F ig . 5)* JS2 (Eden Swimming Pool) i s  c o r r e la te d  w ith  
JS12 (Edrom) and JS4 ( d i s t a l  lagoon o f  B e l lb ird  Creek west o f  Worange 
P o in t)  w ith  JS13 (Edrom). P resen t d a ta  su g g ests  th a t  l i th o lo g ic a l  
c o r r e la t io n  o f u n i t s  from 0 . 5  to  10 f t .  th ic k n e ss  w il l  no t be p o s s ib le ,  
due to  lo c a l  fa c ie s  changes. C e rta in  l i th o lo g ic a l ly  d i s t in c t iv e  
horizons (re d d ish  and brow nish g rey , b e t t e r  so r te d  medium sandstone , 
e .g . JS4, u n i t s  2 ,5*8 -10 ,15 ) have been no ted  a l l  over th e  map a re a  in  
approx im ately  e q u iv a len t s t r a t ig r a p h ic  p o s i t io n  in  th e  upper B e l lb ird
Creek Form ation
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A ll above-m entioned c r i t e r i a  suggest th a t  the  geometry o f  th e  m ajor 
B e llb ird  Creek Form ation u n i t s  approaches th a t  o f  s h e e t- l ik e  o r b la n k e t­
l ik e  b o d ies .
Environment o f  d e p o s it io n  o f  th e  lo v e r  B e llb ird  Creek
Fonnation
Choice o f  environm ental model:
Analogous to  th e  a n a ly s is  o f  th e  Twofold Bay Form ation, th e  s ix  
Y isher (1965) models (H g .  31 »32 , 33 , 34*35) f a c i l i t a t e  th e  e lim in a tio n  o f  
the  m a jo rity  o f  c e r ta in  environm ental models o r  environm ental t re n d s .
The lower B e l lb ird  Creek Ib rm ation  f i e l d  c h a r a c te r i s t i c s  may be 
summarized a s  fo llo w s:
(1) Grain s i z e : co a rse  to  f in e  and f in e  to  c o a rse , i . e .  p resence  o f
fin ing-upw ards and coarsening-upw ards c y c le s .
(2) S o r tin g : good to  very  good w ith  more p o o rly  so rte d  in te rb e d s ,
e s p e c ia l ly  toward th e  to p .
(5) L ith o lo g y : g ra n u la r  conglom erate to  sh a le  and s i l t y  sh a le  -  w h ite
s u b - la b ile  a r e n i te  h o rizo n s  o f  very  good s o r t in g  have w ell-rounded  
q u a rtz  and fe ld s p a r  g ra in s  -  no conglom erates in  top 350 f t .
(4) Sedim entary s t r u c tu r e s : numerous types o f  subaqueous s t ru c tu re s
such a s  c r o s s - s t r a t i f i c a t i o n  and r ip p le  marks -  f a i r l y  even p a r a l l e l  
and wavy lam inae and com paratively  l i t t l e  d is tu rb a n ce  -  some graded  
bedding and re v e rse d  graded bedding -  m arine fauna.
( 5) Geometry: sh ee t o r  b la n k e t - l ik e ,  a lthough  lo c a l ly  v a r ia t io n s  o f
m ic ro fa c ie s  o ccu r.
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The presence of the more mature sub-labile arenites, with very good 
sorting and well-rounded quartz and feldspar grains, indicates that the 
selected model should include the littoral zone, as shown by granulometric 
analysis. The fluvial and lacustrine models must be rejected on the basis 
of geometry, fossil content and maturity, although the sequence may 
include single units of fluvial origin. The deltaic model, representing 
the constructive deltaic phase (Scruton, 1960), is not generally 
applicable, due to the conglomerate lithology, but the possibility that 
the lower Bellbird Creek Formation at Eden was deposited marginally to 
a large delta, or represents the destructive deltaic phase, is real.
For the top 350 ft. the deltaic model is an attractive alternative, due 
to the absence of conglomerates. The bathyal-abyssal model is rejected 
on the basis of grain size, sedimentary structures and sorting. These 
arguments narrow the choice to the transgressive and regressive marine 
models. These two models agree with the marine fauna, include the 
littoral zone, and provide successions giving rise to both fining-upwards 
and coarsening-upwards cycles. The sheet-like geometry of the lower 
Bellbird Creek Formation, and the fluvial origin of the underlying Twofold 
Bay Formation, favour the transgressive model. However, the top 350 ft. 
of the lower Bellbird Creek Formation (JS12, unit 51 to 59» Table 8) 
lacks conglomerates and the deltaic model must also be considered for 
that portion.
A marine transgressive and a deltaic model?
Introduction: In view of the foregoing, the transgressive and
deltaic models will be adopted for the detailed interpretation of the 
units of the lower Bellbird Creek Formation, but one should keep in mind
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th a t  th e se  models a re  on ly  a p p lic a b le  to th e  o v e ra l l  g en era l tre n d , and 
th a t  m inor superim posed re g re s s iv e  o s c i l l a t i o n s  may a lso  occur.
Since the boundary between the underlying f lu v ia l  Twofold Bay 
Formation and the lower B ellb ird  Creek Formation i s  tr a n s it io n a l, the  
geomorphological s e t t in g  would be that o f  an inundation o f  a near co a sta l 
a llu v ia l  fan whereby the uppermost a l lu v ia l  fan sediments are being  
reworked by l i t t o r a l  processes r e s u lt in g  in  barrier is la n d  d ep o sit. Such 
b a rr iers , which represent high energy l i t t o r a l  fa c ie s  on the seaward s id e ,  
may g iv e  r is e  la t e r a l ly  to t id a l  channels, lagoonal, low-energy l i t t o r a l  
and t id a l  f la t  fa c ie s .
Present-day s tu d ies  o f  th ese  fa c ie s  are d iscussed  in  more d e ta il  
below in  regard to the environmental in terp re ta tio n  o f  the upper B ellb ird  
Creek Formation.
Edrom se c tio n  (JS12) :  A ccepting  th a t  th e  p a laeo s lo p e  fo r  th e
B e llb ird  Creek Form ation (F ig . 24, 41) d ip s  toward th e  so u th e a s t, an 
environm ental f a c ie s  can be a ss ig n ed  to  each sed im en ta tion  u n i t  acco rd in g  
to i t s  g ra in  s iz e ,  u s in g  th e  tra n s g re s s iv e  model fo r  u n i t s  w ith  c u r re n t  
d ire c t io n  p a r a l l e l  to  the  p a laeo s lo p e  and th e  d e l ta ic  model fo r  u n i t s  
o f downslope c u rre n t d i r e c t io n .  Coarsening-upwards u n i t s  a re  r e f e r r e d  to  
a s  b a r r i e r  is la n d s  (S tra a te n , 1961). F in e -g ra in ed  u n i t s  a s s o c ia te d  
w ith  ’’l i t t o r a l ” (V ish e r, 1965) a r e n i te  u n i t s  a re  c la s s e d  a s  ’’lag o o n al o r 
n e r i t i c ” (V isher, 1965), whereas those  u n d e rly in g  ’’d e l ta ic  c o n s tr u c t iv e ” 
u n i t s  (S cru ton , 1960) a re  c la s s e d  a s  ’’d e l ta  f ro n t o r  d e l ta  bay” (S tr a a te n ,  
1961). These i n i t i a l l y  a ss ig n ed  environm ental f a c ie s  a re  c ro ss-ch eck ed  
a g a in s t  e s tim a te s  and p o in t counts o f  r e l a t i v e  m a tu r ity , roundness ran g e ,
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percent matrix (less than 0.06 mm, except in deposits finer than the 
upper limit of fine sandstone) and percent sand size detrital micas in 
arenites, some sorting determinations and, to some extent, sedimentary- 
structures and colour of strata.
These data, and the final environmental facies interpretations, 
are summarized in Table 8 (in pocket). In summarizing the above procedure, 
it is emphasized that two distinct sets of criteria are involved in 
arriving at these environmental facies interpretations. The third 
criterion, that of colour, is then compared to the interpretations.
A. Criterion used for determination of depositional environment:
Current direction with respect to palaeoslope and grain size (in 
over 90i» of the sandstone units the current direction is known).
B. Criteria subsequently checked against depositional environment:
(a) Maturity of arenites
(b) Rounding
(c) Matrix of arenites
(d) Percentage detrital micas
(e) Sorting.
C. Criterion to be related to depositional environment:
Colour of strata.
On this basis the great majority of these individual facies interpretations 
(Table 8) are thought to be valid for the following reasons:
(1) Maturity of arenites: (Table 8) Knowing that the source area of the















:end to Table 8 (in pocket)
The following terminology in regard to the rock colour 
chart (GSA, 1951) is used in the text:
RP .. purple YR .. brown
R .. red GY&Y .. green or yellow green
N .. neutral, grey and whitish (all chroma 1 may be
regarded as nearly neutral).
Percentage interbeds refers to interbedded strata 
whereby the interbeds of the minor lithology do not 
exceed 1 ft. and are often only a few inches thick.
cong. .. conglomerate c ss •• coarse sandstone
cong. ss .. conglomeratic m ss .. medium sandstone
sandstone f ss •• fine sandstone
gran. cong. .• granular V f ss .. very fine sandstone
conglomerate sltst .. siltstone
V c ss .. very coarse 
sandstone
sh .• shale
According to QFR diagram (Crook, 1960) all "sublabile" 
established by point count (1000 points average). Of 
the ’’labile" about -J- are estimated.
Estimated according to Powers' roundness scale:
VA .. very angular SR .. subrounded
A .. angular R •. rounded
SA .. subangular VR .. well rounded
Single values: established by point count (1000 points
average). Less than 0.06 mm.
Range of values: estimated by comparison.
Percentage established by point count (1000 points 
average).
Inclusive graphic standard deviation (Folk & Ward, 1957) 
established by granulometric thin section analysis 
using Packham's (1955) method.
X-bedding - any inclined laminae, ripple marks - any 
tipples with crests and troughs.
Terminology of Visher (1965)» Straaten (1961), Scruton 
(i960), is employed in regard to the Lower Bellbird 
Creek Formation.
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(F ig . 24, 2 6 ), d e l ta ic  u n i t s  may be expected to  be f e ld s p a th o - l i th ic .
The l i t t o r a l  u n i t s  may be l i th o - f e ld s p a th ic ,  due to  d i f f e r e n t i a l  a b ra s iv e  
lo s s  o f  Eden R h y o lite  fragm ents and s in ce  an a d d it io n a l  g r a n i t ic  l i t t o r a l  
source i s  suggested  by th e  p e rcen tag e  fe ld s p a r  lo g  (F ig . 24) .
(a )  Out o f  f iv e  fe ld s p a th ic  s u b - la b i le  a r e n i t i c  u n i t s  (maximal m a tu rity )  
fo u r a re  c la s s e d  a s  l i t t o r a l ,  w hile  th e  f i f t h  occurrence  i s  c la s se d  
“lag o o n a l, w ith  in te rb ed d ed  l i t t o r a l " in  a  7 f t .  u n i t  c o n s is t in g
o f  80io g reen  sh a le  and 20fa a r e n i te  in te rb e d s  (JS12, u n i t  47)*
(b) Out o f  n in e  l i t h i c  o r  f e ld s p a th o - l i th ic  l a b i l e  a r e n i te  u n i t s  
(minimal m a tu rity )  seven a re  c la s s e d  a s  d e l t a i c .  The rem ain ing  two 
a re  c la s s e d  a s  11 l i t t o r a l - b a r r i e r  is la n d -lo w  energy” and d i r e c t ly  
o v e r l ie  the  f lu v i a l  d e p o s its  o f  th e  Twofold Bay Form ation (JS12, 
u n i t s  30»31 )•
(c ) A ll s ix  fe ld s p a th ic  and l i th o - f e ld s p a th ic  l a b i l e  ( in te rm e d ia te  
m a tu rity )  a r e n i te  u n i t s  a re  c la s s e d  a s  " l i t t o r a l  o r  l i t t o r a l  to  
n e r i t i c " .
(2 ) Rounding: (T able 8) Rue to  th e  h i^ i e r  a b ra s io n  c a p a b i l i ty  o f  l i t t o r a l
and n e r i t i c  (wave b ase ) p ro c e sse s , b e t t e r  rounding  may be expected in  th e  
u n i t s  o f  th ese  f a c ie s  th an  in  th e  d e l ta ic  ones. Roundness was e stim ated  
on th e  co arse  sand s iz e  q u a rtz  and fe ld s p a r  g ra in s  by com parison w ith  
th e  Powers’ roundness s c a le . Roundness ranges were estim ated  p e r  th in  
se c tio n  by d e term in ing  th e  roundness o f  10 to  20 o f  th e  b e s t  and w orst 
rounded g ra in s . A lthough roundness modes p e r th in  s e c tio n  can be 
e stim ated  from such d a ta , i t  so happens th a t  th e  maximal and minimal 
rounding  p er u n i t  th u s  o b ta in ed  c o r r e la te  s t a t i s t i c a l l y  q u ite  w e ll w ith
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the facies interpretation which are to be verified.
(a) Out of thirteen littoral and neritic units, ten have a maximal 
rounding of "well rounded", two (neritic) of "rounded". The 
remaining one unit is classed as littoral and has a maximal rounding 
of "subrounded" (but in this case current direction indicates the 
possibility of wind-blown interbeds).
(b) Out of eight deltaic units, five have a maximal rounding of "rounded", 
two of "wellrounded", and one of "subrounded".
(c) The minimal rounding in deltaic units is "angular" and the minimal 
rounding in littoral units is "subrounded".
(3) Matrix of arenites: (Table 8) Due to the winnowing processes in
the littoral zone, arenites of these facies can be expected to contain 
less material of smaller than 0.06 mm than the majority of the deltaic 
units.
(a) The matrix contents in "littoral" and in "littoral to neritic" 
units ranges from 3*5$ to 0.696 and averages 1.3$*
(b) The matrix contents in "deltaic front or delta bay" and "neritic" 
units ranges from 15$ to 0.75$ and averages as 4.6$.
(c) The matrix contents in "deltaic-constructive" units ranges from 
15$ to 4*4$ and averages 9-9$.
(4) Petrital micas of sand size in arenites: (Table 8) According to
Van Andel & Curray (i960), deltaic sediments are richer in micas than 
near-shore marine and littoral sediments deposited under higher energy 
conditions.
(a) Four out of five "deltaic-constructive" units subjected to point
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count contain detrital micas between 0.3 - 0.9Jo (average count 
circa 1000).
(b) None of the other environmental units contain detrital micas, as 
established by point count (average count circa 1000).
(5) Sorting: (Table 8) Inclusive graphic standard deviation <T
(Folk & Ward, 1957)« The lower Bellbird Creek Ibrmation contains some
of the best-sorted units in the entire Merrimbula Group. Only a few units 
in the upper Bellbird Creek Formation display an equivalent high degree 
of sorting. The ,,littoral,, or "littoral to neritic" units selected for 
granulometric thin section analysis of the lower Bellbird Creek Formation 
have a sorting range of0“j ■ O.44 to O.85 0.
(6) Colour of strata: (Table 8) Knowing that the underlying fluvial
Twofold Bay Formation is a red bed sequence, a higher percentage of red 
pigment may be expected in the deltaic units than in the shallow water 
marine or littoral units, since the red pigment content is partly related 
to matrix percentage (see also Table 27 and "Colour statistics").
(a) Out of nine littoral units, 5 are a neutral grey or whitish, 4 are 
brown, and 1 is greenish.
(b) Out of ten lagoonal-neritic units, 5 are green, 3 are brown, and 2 
are red. These 2 red shale-siltstone occurrences (thickness less 
than 1 ft.) are interbedded with brown sandstones and green shales 
and siltstones and directly overlie deltaic deposits (JS12, units 4 1  
& 43).
(c) Out of nine deltaic units, 6 are brown, 2 are purple, and 1 is 
greenish.
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(d) Out o f  n in e  d e l ta  f ro n t  o r  d e l ta  bay u n i t s ,  5 a re  green  and 4 a re  
brown.
Environm ental c o n c lu s io n s :
The b a sa l 222 f t .  o f  th e  lower B e llb ird  Creek Form ation reco rd  th e  
d e p o s its  o f  a m ajor m arine tra n s g re s s io n  in  which b a r r ie r  i s la n d ,  l i t t o r a l  
and shallow  w a te r m arine f a c ie s  have been id e n t i f i e d  w ith  reaso n ab le  
c e r ta in ty  (T able 8 ) .
The m iddle 217 f t .  o f  th e  lower B e llb ird  Creek Form ation c o n s is t  o f  
sed im en ta tion  u n i t s  o f  a  g en e ra l mixed o r  m arg inal environm ent, w ith  only  
m inor re g re s s io n s  and tra n s g re s s io n s , as  suggested  by lagoonal o r n e r i t i c ,  
l i t t o r a l ,  d e l ta  f ro n t  o r  d e l ta  bay, d e l ta ic  c o n s tru c tiv e  and d e l ta ic  
d e s tru c t iv e  f a c ie s  (T able 8 ) .
The top  263 f t .  o f  th e  lower B e llb ird  Creek Form ation re p re se n t a 
sedim entary  re g re s s io n  c o n s is t in g  o f  subaqueous d e l ta ic  c o n s tru c tiv e  
d e p o s its . The o v e rly in g  238 f t .  o f  JS15 a re  thought to re p re se n t a  con­
t in u a t io n  o f  t h i s  subaqueous d e l ta ic  phase (T able 9)«
Thus, 500 f t .  o f  th e  t r a n s i t io n  between th e  lower and upper B e llb ird  
Creek Form ation may be thought o f  as th e  bottom and fo re s e t  beds o f  a  
la rg e  m arine, im b r ic a tin g  d e l ta  complex. Minor re g re s s io n s  and 
tra n s g re s s io n s  o f  s e v e ra l o rd e rs  a re  superimposed on th e  m ajor environ­
m ental ten d en c ie s  th roughout th e  e n t i r e  J02 f t .  o f  th e  low er B e llb ird  
Creek Form ation. P resen t d a ta  suggest 14 such minor tra n s g re s s io n s  and 
sedim entary  re g re s s io n s .
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Environment o f  d e p o s it io n  o f  th e  upper B e llb ird  
Creek Form ation
Choice o f  environm ental model:
As in  th e  case  o f  th e  o th e r  fo rm atio n s , th e  V isher ( 1965) models 
can be u t i l i z e d  a s  a s t a r t i n g  p o in t fo r  an environm ental argum ent. The 
f i e ld  c h a r a c te r i s t i c s  o f  th e  upper B e llb ird  Creek Form ation may be 
summarized as fo llo w s:
(1) Grain s i z e : m ajor g ra in  s iz e  tendency w ith in  e n t i r e  330 f t .  from
s i l t y  and shaly  in te rb e d s  a t  the b ase , medium sand s iz e  in  the  
m iddle, and s i l t y  and shaly  in te rb e d s  a t  th e  top (F ig . 10). In  
a d d it io n , th e re  a re  fin ing-upw ards c y c le s  o f  an in te rm e d ia te  s c a le  
o f  about 25 f t .  (F ig . 10, Column V I l) .  On a sm aller s c a le  a t  l e a s t  
two coarsening-upw ards c y c le s  were n o ted .
( 2) S o rtin g : in te rm e d ia te  to  po o r, w ith  some b e t t e r  so r te d  bu t immature
u n i t s  a t  the  top and a few u n i t s  th roughout th e  sequence. Maximum 
p a r t i c l e  s iz e ,  o th e r  than  sh a le  c l a s t s ,  do n o t ap p rec iab ly  exceed 
modal g ra in  s iz e .
( 3) L ith o lo g y : medium sandstone to  s i l t y  and sandy sh a le .
(4 ) Sedim entary s t r u c tu r e s : numerous subaqueous and a few su b a e r ia l
s t ru c tu re s ,  a l t e r n a t in g  d is tu rb e d  and u n d is tu rb e d  h o rizo n s . R ipple  
marks o f  a l l  m ajor ty p es  a re  very  common and prov ide th e  ty p ic a l  
c h a r a c te r i s t i c  appearance . Marine fauna.
( 5) Geometry: approaches sh ee t o r  b la n k e t - l ik e  geometry in  term s o f  m ajor
u n i t s ,  a lthough  lo c a l  v a r ia t io n  in  sandy m ic ro fa c ie s  o ccu rs .
L e n tic u la r  lam inae and groups o f  lam inae a re  common.
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The la c k  o f  conglom erate and co a rse  sandstone and th e  la ck  o f  
w ell s o r te d  m ature a r e n i te s  tend  to  make th e  tra n s g re s s iv e  m arine model 
(F ig . 34) u n l ik e ly .  A comparison o f th e  m a trix  (F ig . 27,28) and mica 
column (T ab les 8 & 9) o f  th e  lower B e llb ird  Creek Formation and th e  upper 
B e llb ird  Creek Fbrm ation v i r t u a l ly  ru le s  ou t th e  tra n s g re s s iv e  model, 
s in ce  th e  low er B e l lb ird  Creek i s  t ra n s g re s s iv e  i n  th e  b a sa l 1/3 -  2 /3 , 
a s  shown above. The m arine fauna and th e  lack  o f  co arse  u n i t s  ren d e rs  
th e  f l u v i a l  model (F ig . 32) in a p p lic a b le . The h igh  p ercen tag e  o f  sand­
s to n e , th e  p re sen ce  o f  L ingula a t  th e  B e l lb ird  Creek f o s s i l  l o c a l i t y ,
1-^ - m ile s  from JS4, and the  absence o f  graded bedding , ru le s  ou t th e  
B athyal-A byssal model (F ig . 34)* On th e  b a s is  o f  th e  m arine fauna, th e  
la c u s t r in e  model (F ig . 35) i s  r e je c te d .  These c o n s id e ra tio n s  p o in t 
toward the  r e g re s s iv e  m arine (F ig . 3 0  and d e l ta ic  model (F ig . 3 3 ). Both 
o f  th e se  m odels a re  f in e r  g ra in ed  a t  th e  base and th e  to p , and a re  coarse  
to  medium sand s iz e  in  th e  m iddle, which re p re se n ts  the  w e ll-s o r te d , 
h ig h e r energy l i t t o r a l  zone. Such a zone does n o t appear to  be in  th e  
upper B e llb ird  Creek Form ation. A c o n s tru c tiv e  d e l ta ic  phase re p re se n ts  
a sedim entary  re g re s s io n  and th u s  resem bles a  m arine re g re s s iv e  sequence. 
Both sequences may in c lu d e  a t i d a l  f l a t  f a c ie s ,  a s  suggested  by th e  
p resen ce  o f  L ingula  in  th e  upper B e llb ird  Creek Form ation.
A g e n e ra l re g re s s io n  i s  a lso  in d ic a te d  by the  im m ediately u n d e rly in g  
d e l ta ic  c o n s tru c tiv e  phase o f  th e  top 500 f t .  o f  th e  lower B e llb ird  
Creek Fonnation (T ab le  8) and th e  im m ediately o v e rly in g  Worange P o in t 
Form ation c o n s is t in g  o f  f lu v i a l  and, a t  th e  b ase , to p - s e t  d e l ta ic
/
s u b a e r ia l d e p o s its .  The p resence  o f  th e  u n d e rly in g  d e l ta ic  c o n s tru c tiv e  
phase su g g ests  th a t  th e  upper B e l lb ird  Creek Form ation may re p re s e n t  th e
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h ig h e r , f in e r  zones o f  th e  d e l ta ic  model, c o n s is tin g  o f  ’’t i d a l  f l a t s  
and p a sse s ; bays and lagoons; and marsh" environment (F ig . 3 3 ). This 
choice ag re es  w ith  McKee’ s (1957» Table X Il) d ia g n o s tic  f e a tu re s  which 
la b e ls  th e  p resence  o f  abundant r ip p le  marks a s  in d ic a t iv e  o f  t i d a l  f l a t  
environm ent. A m ix tu re  o f  broken and unbroken s h e l l s ,  fauna and 
l e n t i c u l a r i t y  on a sm all s c a le  has a lso  been no ted  by McKee (1957, p . 1746) 
in  re c e n t t i d a l  f l a t  sed im ents.
I t  i s  th e re fo re  proposed to  u se  th e  upper p a r t  o f  V is h e r 's  ( 1965) 
d e l ta ic  model as a  g u id e lin e  fo r  th e  u n i t - b y -u n i t  environm ental i n t e r ­
p re ta t io n  o f  th e  upper B e llb ird  Creek Form ation. This model p ro v id es  fo r  
a  s h e e t - l ik e  geometry in  th e  t i d a l  f l a t  environm ent, which i s  in tÄ u p te d  
by sandy d e p o s its  o f  th e  p a sse s , a s  no ted  in  the  upper B e l lb ird  Creek 
Form ation. However, V isher (1965) (F ig . 33) does not p rov ide  s u f f ic ie n t  
d e ta i l  o f  th e  t i d a l  f l a t  environm ent, which i s  l ik e ly  to  p lay  th e  prom inent 
p a r t  in  th e  t o t a l  sequence.
This n e c e s s i ta te s  a  b r i e f  review  o f  some o f  th e  re c e n t s tu d ie s  in  
th i s  re s p e c t in  o rd e r to  c o n s tru c t a more d e ta i le d  model o f  more g en era l 
a p p l ic a b i l i ty  in  re g a rd  to  t i d a l  f l a t s  in  th e  fo llo w in g  geom orphological 
s e t t in g s ;
T idal f l a t s  -  p ro te c te d  bays
b a r r i e r  is la n d  -  t i d a l  channel 
e s tu a r in e  -  r i v e r  mouth
s u b a e r ia l  d e l ta ic  t id a l  f l a t s  -  p a sse s  -  marsh.
The fo llow ing  b r i e f  review  has a lso  been u t i l i z e d  fo r  th e  d e ta i le d  
environm ental in te r p r e ta t io n  o f th e  lower B e l lb ird  Creek Formation (T able 8 ) .
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B a rr ie r  I s la n d s , lagoons, t i d a l  f l a t s ,  and an im b rica tin g  d e l ta  complex:
Evans (1965) s tudy  o f  i n t e r t i d a l  f l a t  sedim ents and t h e i r  environ­
ment o f  d e p o s it io n  in  th e  Wash o f  Great B r i ta in  (F ig . 37>36 , 38) p e rm its  
th e  adop tion  o f  a d e ta i le d  t i d a l  f l a t  model in  reg a rd  to  th e  upper 
B e llb ird  Creek Form ation. In  o rd e r to  compare the  upper B e llb ird  Creek 
Form ation to  a  d e ta i le d  t i d a l  f l a t  model such as  Evans1 ( 1965) i t  i s  
n ecessa ry  to  d ig re s s  b r i e f ly  in  o rd e r to  review  th e  environm ental 
concepts and term inology o f  re c e n t s tu d ie s .  Such a review  a lso  se rves 
to g e n e ra liz e  Evans ( 1965) m0(3-el  by e lim in a tin g  th e  lo c a l  v a r ia b le s  in  
h is  s tudy . Evans (1965) u t i l i z e s  th e  ex ten s iv e  in v e s t ig a t io n s  o f  Van 
S tra a te n  (1961) and a r r iv e s  a t  s im ila r  sub-environm ental u n i t s .  Van 
S tra a te n  (1961) d eriv ed  most o f  h is  work from contem porary Dutch t i d a l  
f l a t s ,  bu t he s t a t e s  th a t  much th e  same p ic tu re  i s  shown by o th e r  re c e n t 
t i d a l  f l a t  fo rm ations in  W estern Europe. Evans' t i d a l  f l a t  environment 
i s  c h a ra c te r iz e d  by th e  r e l a t i v e l y  p ro te c te d  c o n d itio n s  o f  th e  embayment 
c a lle d  The Wash, whereas f o r  in s ta n c e  on th e  n o r th  co as t o f  South America 
th e  Surinam t i d a l  f l a t  fo rm ations p ass  more o r l e s s  g rad u a lly  in to  
normal open sea d e p o s its  (Van S tra a te n , 1961, p . 213). Van S tra a te n  
(1961) i s  d e a lin g  w ith  t i d a l  f l a t s  in  e s tu a r in e  r i v e r  mouth s e t t in g  on th e  
southern  c o as t o f  H olland, whereas to  th e  n o rth  the  F r is ia n  is la n d s  a re  
exposed toward the  N orth Sea and th e  form ation o f  th e  landward t i d a l  
f l a t s  i s  p ro te c te d  by th e  o f f -sh o re  b a r r i e r  i s la n d s .  F lo ra l  and fauna l 
v a r ia t io n  may in tro d u c e  a d d i t io n a l  v a r ia b le s ,  such a s  in  t i d a l  f l a t s  o f  
Moroccan e s tu a r ie s  and th o se  n ear Arcachon in  th e  Bay o f  B iscay (Van 
S tra a te n , 1961). On th e  southw estern  c o as t o f  F lo r id a  an enormous
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co a sta l mangrove estu arin e swamp extends for 50 m iles and i s  separated  
from the A tla n tic  Ocean by an o ff-sh o re  barrier (S ch o ll, 1963) .
Due to the sca r c ity  o f  faunal and f lo r a l  remains in  the B ellb ird  
Greek Formation, the b io lo g ic a l v a r ia b les  in  regard to modem t id a l  f la t s  
are deemed much le s s  important for the environmental in terp re ta tio n  o f  
the upper B ellb ird  Creek ibrm ation. According to Dunbar & Rodgers 
(1957» PP»70-71)> large t id a l  f l a t s  occur on coasts where much s i l t  and 
clay  i s  brought in to  the sea by r iv er s  and where the t id a l  range i s  high  
and along those p arts o f  such coasts  where the waves are unable to beat 
in  f u l l  strength  aga in st the shore. Often the sediments are supplied by 
l i t t o r a l  currents (Evans, 1965; S ch o ll, 1963, 1964)* Some o f  the la rg est  
t id a l f la t s  in  the world, covering hundreds o f  square m ile s , are found 
in  China near the d e lta  o f  the Yangtze River. There, the formation o f  
t id a l f la t s  i s  a lso  dependent on p ro tection  from the open waters o f  the 
East China Sea. Bays which face  east toward the open waters have normal 
high energy sand beaches (iXmbar & Rodgers, 1957» P» 71 )•
Tidal f la t  formation depends thus on a r e la t iv e  low energy strand  
l in e  environment, preferab ly  on a g en tly  dipping co a sta l p la in  and an 
excess o f  supply o f  sediments e ith er  from land or from the sea f lo o r , as 
compared to subsidence. Such an excess o f  supply o f  sedim ents, compared 
to subsidence, r e s u lt s  by d e f in it io n  in  a reg ressio n . D elta ic  or non- 
d e lta ic  embayments and barrier is la n d s  provide p ro tection  which r e s u lt s  
in  low energy strand l in e s .
Shepherd (i9 6 0 , p .215) s ta te s  that the evidence p o in ts  overwhelmingly 
in  favour o f  the conclusion  that the formation o f  barrier is la n d s in  the 
Gulf Coast area takes p lace  during or d ir e c t ly  fo llow in g  inundation o f
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the  la n d . Thus, b a r r i e r  is la n d  form ation  i s  r e la te d  to  th e  f in a l  s tag es  
o f  th e  tra n s g re s s iv e  phase . This in terdependence  o f  t i d a l  f l a t s  and 
b a r r i e r  is la n d  fo rm ations su g g ests  an in h e re n t mechanism re s u l t in g  in  
a l t e r n a t in g  sed im entary  tra n s g re s s io n s  and re g re s s io n s  in  n o n -e p e ir ic  
sea s , which i s  n o t n e c e s s a r i ly  dependent on p u ls a t in g  te c to n ic  c o n tro l 
but w hich, due to  i t s  r e la t io n s h ip  to  sedim ent supply , may be much more 
s e n s i t iv e  to  c l im a tic  f a c to r s  such a s  r a i n f a l l .  B a r r ie rs  a re  found a t  
th e  G ulf C oast, th e  g re a te r  p a r t  o f  th e  e a s t  c o as t o f  the  U nited  S ta te s ,  
lo c a l ly  in  C a l ifo rn ia  and Southern W ashington, th e  N orth Sea c o as t o f  
H olland, Germany, Denmark, west o f  th e  Rhine D e lta , th e  N ile  D e lta , 
so u th e a s t A fr ic a , th e  e a s te rn  In d ian  c o a s t and e a s te rn  Ceylon, south­
e a s te rn  A u s tra lia  and th e  so u th ea s t c o as t o f  B ra z il .  The l a t t e r  may 
re p re se n t the w idest b a r r i e r  o f  th e  w orld , w ith  a maximal w idth o f  20 
m iles  (Shepherd, 1960).
" In  g e n e ra liz in g , i t  appears th a t  b a r r i e r s  a re  found a lo n g  p r a c t ic a l ly  
a l l  low land c o a s ts .  They a re  common around d e l ta s ,  p a r t i c u la r ly  along  
p o r tio n s  o f  th e  d e l ta  which a re  n o t a c t iv e ly  p ro g rad in g . They a re  
la c k in g , however, where th e  submerged d e l ta ic  p la in  i s  so g e n tle  th a t  
the  waves do no t b reak , bu t g ra d u a lly  lo s e  t h e i r  energy in  approaching  
the  shore  a s ,  fo r  example, o f f  th e  O rinoco.
" I t  seems p ro b ab le  th a t  wherever p la in s  a re  slow ly s in k in g , b a r r ie r s  
w i l l  form a t  th e  m argin and a t  tim es may grow upward, keeping  pace w ith  
th e  s in k in g "  (Shepherd, 1960, p . 220). Com paratively few g e o lo g ic a l, 
p re -Q uaternary  t i d a l  f l a t  sedim ent have been re p o r te d  (Dunbar & Rodgers, 
1957, P- 72 ; Van S tra a te n , 1961). Shaw ( 1964) argues th a t  t i d a l  f l a t
sedim ents may no t be as  common in  th e  g e o lo g ic a l column, due to  the  
e x is ten c e  o f  w idespread , p re -T e r t ia r y ,  e p e ir ic  sea s , whereas t i d a l  f l a t  
form ation  i s  ty p ic a l  o f  seash o res  a d jac e n t to  com paratively  deep and 
la rg e  ocean b a s in s .
The above-m entioned in terdependence  o f  t i d a l  f l a t  and b a r r ie r  
is la n d s  r e f l e c t s  sedim entary  re g re s s io n s  and tra n s g re s s io n s  which a re  
analogous to  S c ru to n 's  (i960 ) c o n s tru c tiv e  and d e s tru c t iv e  ( re g re s s io n  
and tra n sg re s s io n )  phase o f  d e l ta s  and p a r t ly  c o n s t i tu te s  an in te g r a l  
p a r t  o f  im b r ic a tin g  d e l ta s  a t  t h e i r  m argins.
Sometimes, depending m ainly  on r e l a t i v e  r a t e s  o f  d ep o sitio n  among 
o th e r  numerous geom orphological and c lim a tic  v a r ia b le s ,  d e l ta  fo rm ation  
i s  n o t favoured, bu t f re s h  w a ter and sedim ent t ra n s p o r t  tak es  p la c e  in  an 
e s tu a r in e  environm ent which, w ith  low topography, i s  even more ty p ic a l  
o f  t i d a l  f l a t s  and b a r r i e r  is la n d  fo rm ation . In  th e  v e r t i c a l  p r o f i l e  
the  su p e rp o s itio n  o f  th e se  f a c ie s  a re  caused by th e  sim ultaneous l a t e r a l  
form ation  o f  t i d a l  f l a t s  and b a r r i e r s  and subsequent l a t e r a l  m ig ra tio n  
o f  th e se  f a c ie s .  In  th e  case  o f  t i d a l  f l a t s  and b a r r i e r s ,  m arginal to  
la rg e  d e l ta s  o r  r e l a t e d  to  e s tu a r ie s ,  th e  u lt im a te  cause o f  such 
tra n sg re s s io n s  and re g re s s io n s  i s  o f  a  tw ofold  o r ig in  ( s h i f t i n g  r iv e r s ,  
v a r ia b le  r a i n f a l l ,  l i t t o r a l  c u r re n ts ,  e u s ta t ic  changes o f  sea l e v e l ) ,  a s  
suggested  by Scruton ( i 960) in  reg a rd  to  im b ric a tin g  d e l ta s ,  and r e f l e c t  
•'the b a t t l e  between r iv e r  and sea" (S cru to n , 1960, p . 100). Tectonism 
su p p lie s  on ly  the  g e n e ra l long-term  geom orphological s e t t in g ,  such as
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subsidence o r  emergence.
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A t id a l  f l a t  model:
According to  Evans ( 1965, Hg« 8) one fining^-up wards cy c le  o f  t i d a l  
f l a t  su b fa c ie s  a t t a i n s ,  in  th e  v e r t i c a l  p r o f i l e ,  a th ic k n e ss  o f  about 
22 f t .  in  th e  Wash (F ig . 3 6 ). Van S tra a te n  (1961, F ig . 5) shows 
d iag ram m atica lly  l a t e r a l  th ic k n e ss  and fa c ie s  v a r ia t io n s ,  in c lu d in g  upper­
most p e a t d e p o s its  ran g in g  from 0 to  20 m e te rs . Excluding th e  p e a t ,  Van 
S tr a a te n ’s re p re s e n ta t io n  su g gests  a  mean o f  about 10 m e te rs , which i s  
in  good agreem ent w ith  Evans (1965)»
Evans and Van S tr a a te n ’ s s tu d ie s  may be summarized by sp e c ify in g  the  
fo llo w in g  cy c le  o f  su b fa c ie s  in  a  v e r t i c a l  p r o f i l e :
Evans (19^5)
___________(subenvironm ents Fig»38)
(1) s a l t  marsh
( 2) h ig h e r mud f l a t s
( 3) in n e r  and A ren ico la  sand 
f l a t s
(4 ) lower mud f l a t s
( 5) lower sand f l a t s
Van S tra a te n  ( 1961)
( d e p o s i t s ) _____________
( 1) marsh sedim ents
( 2-  more sandy h ig h  t i d a l  f l a t
3 ) m a te r ia l
( 3-  low t i d a l  f l a t  d e p o s its ,
4 ) o f te n  r a th e r  muddy
( 5) sandy channel f lo o r  sedim ents 
( t i d a l  channel)
Evans’ ( 1965) su b fa c ie s  r e f e r s  to  a  p ro te c te d  bay environm ent and 
the  th ic k n e ss  o f  th e  v a r io u s  su b fa c ie s  i s  about eq u a l, (F ig . 3 8 ), w ith in  
a f a c to r  o f  2 . 5 .
Van S tr a a te n ’ s (1961) su b fa c ie s  r e f e r  to  th e  e s tu a r in e , b a r r ie r  
is la n d  s e t t in g  w here, due to  ra p id  s h i f t in g  o f  t i d a l  ch annels , th e  sequence 
c o n s is ts  o f  a  th ic k  s e r ie s  o f  com paratively  ’’sandy channel f lo o r  sedim ents”
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covered by a th in  s e r ie s  o f  th e  h ig h e r t i d a l  f l a t  and marsh sedim ents.
The t i d a l  f l a t  sedim ents in  V ish e r’ s ( 1965) d e l ta ic  models a re  
in te rb ed d ed  w ith  th o se  d ep o sited  in  th e"p asses"  (M iss is s ip p i d e l ta  
te rm ino logy), which a re  eq u iv a len t to  th e  t i d a l  channel d e p o s its , bu t 
w ater and sedim ent t r a n s p o r t  tak es  p la c e  predom inan tly  dow n-palaeoslope.
A "pass" re p re se n ts  th e  r i v e r  mouth o f  th e  su b a e r ia l  d e l ta .
In  th e  lower su b fa c ie s  o f  th e  Wash, w ater movement ta k es  p la ce  
p a r a l l e l  and p e rp e n d ic u la r  (up and down-slope) to  th e  c o a s t l in e .  The 
u n id ir e c t io n a l  sense depends on th e  t i d a l  movements o f  f lo o d  and ebb 
(Evans, 1963» F ig . 3) (F ig . 37)* The longshore movement in  bo th  d ire c t io n s  
i s  r e la te d  to  tid e -g o v e rn ed  c u r re n ts  in  th e  nearby o f f -sh o re  Boston deep. 
The e x te n t o f  t i d a l  cover depends a ls o ,  o f  co u rse , on sp rin g  and neap 
t id e .  In  th e  s a l t  m arsh and h i^ ie r  mud f l a t s  w a ter movement i s  v i r t u a l ly  
independent o f  t i d a l  movements except a t  h igh  sp rin g  t id e s ,  bu t i s  
r e s t r i c t e d  to  down-slope d ra inage  in  c reek  beds roughly  p e rp e n d icu la r  to  
the  c o a s t l in e  (F ig . 37)*
A ccording to  Evans ( 1965) ,  th e  c h a r a c te r i s t i c s  o f  th e  sub-environm ents 
o r su b fac ie s  axe as  fo llo w s:
(1) Marsh d e p o s i ts : (F ig . 36) Clayey s i l t - s i l t y  c la y s  sometimes s l ig h t ly
sandy, r ip p le  marks w ith  sharp  c r e s t s ,  rounded tro u g h s , w e ll-lam in a ted , 
mud c ra ck s , t r a c k s ,  p la n t  ro o ts  i f  v e g e ta te d .
(2) H igher mud f l a t s : (F ig . 36) S i l ty  sands and sandy s i l t s ,  lam inated ;
cuspa te  geometry on seaward s id e ; su rfa ce  i r r e g u la r  w ith  e longated  d ra in ­
age d ep ress io n s ; r ip p l e  marks w ith  sharp  c r e s t s ,  rounded tro u g h s , p a r a l l e l  
to  shore l in e ;  sm all sym m etrical r ip p le  marks -  mud crack s  6 inches deep 
d ie  ou t in  d e n d r i t ic  p a t te r n ;  mud b l i s t e r s  due to  trap p ed  gas over covered
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mud. c rack s ; shallow  scou rs f i l l e d  w ith  mud f la k e s  and fo ld ed  mud sh e e ts ; 
m atted  filam e n ts  o f  a lg a e ; s h e lly  fauna w ith  mud f la k e s  in  sco u rs .
(3) In n e r and A ren ico la  sand f l a t s ; (E lg . 36) Eine sand -  w e ll r ip p le d  
sand -  sym m etrical r ip p l e  marks common, p a r a l l e l  to  shore l i n e ,  smooth
o r r ip p le d  su rfa c e s  toward to p ; worm b o rin g s ; g en e ra l abundance o f  
burrow ing organism s; no p la n t  d e b r is ;  l e s s  w ell s t r a t i f i e d ;  lin g u o id  
and in te r f e r e n c e  r ip p l e  marks o c c a s io n a lly  p re s e n t;  in c lu d es  some o f  th e  
b e s t  s o r t in g  o f the  i n t e r t i d a l  f l a t  sedim ents; abundance o f  asym m etrical 
r ip p le  marks w ith  long  and sh o rt s t r a ig h t  c r e s t s  (am plitude J  to  1 inch) 
(wave le n g th  2 - 7  in ch ) p a r a l l e l  to  shore l in e ;  sym m etrical r ip p le  marks 
w ith  rounded c r e s t s ,  b u t sometimes tru n c a te d ; sm all scour and f i l l  
s t ru c tu re s ;  s h e lly  and burrow ing fauna.
(4 ) Lower mud f l a t s : (E lg . 36) Occupies most s te e p ly  d ip p in g  p a r t  o f
i n t e r t i d a l  zone; sandy s i l t s ;  s i l t y  sands; p o o rly  so rte d ; smooth su rfa ce  
only  o ccas io n a l r ip p le  marks; shallow  scours w ith  mud f la k e s ;  a l te r n a t in g  
sandy and muddy lam inae; o ccas io n a l in c l in e d  lam inae; l i t t l e  burrowing; 
o ccas io n a l th in  s h e lly  la y e r s  o r  la y e r s  o f  o rg an ic  d e t r i tu s .
( 5) Lower sand f l a t s : (E lg . 36) C oarsest (medium to  f in e )  sand in  some 
a re a s  muddy; w e ll- r ip p le d ;  crude s t r a t i f i c a t i o n ;  th ic k e r  lam inae; 
t ra n s v e rse  mega r ip p le s  (am plitude 10 -  14 in ch ) (wave le n g th  1 2 - 3 8  f t . ) ;  
down-slope and p a r a l l e l  to  c o a s t l in e  in  d ire c t io n  o f  ebbing t id e  and 
produced by h ig h  v e lo c i ty  c u r re n ts ;  asym m etrical r ip p le  marks a lso  common -  
c r e s ts  may be cusp-shaped (am plitude -g- -  2 in ch ) (wave le n g th  3 - 9  in c h ); 
tren d  i s  p e rp e n d icu la r  to  shore l i n e ,  bu t a lso  some p a r a l l e l  to  shore 
l in e ;  sm all sym m etrical r ip p le  marks w ith  long , sharp and rounded c r e s t s  
p a r a l l e l  and p e rp e n d icu la r  to  shore l in e ;  abundance o f  in te r fe re n c e
-  105 -
r ip p le s ;  slumped tra n s v e rse  mega r ip p le s ;  mud p e l l e t s  w idespread , r i l l  
m arks, m inor scour and f i l l ;  s h e l ly  d e b ris  abundant.
(6) M eandering c o a s ta l  c reek s : (F ig . 36 ,38) Normal f lu v i a l  d ep o sit
b u t th ic k e r  than  o th e r  i n t e r t i d a l  su b fa c ie s , w ith  abundance o f  c ro s s ­
s t r a t a ;  3 - 4  f t .  th ic k ,  bu t up to  12 f t .  (p la n a r  and sim ple); h o r iz o n ta l 
s t r a t a  up to  25 f t . ;  la rg e - s c a le  scour and f i l l ;  penecontemporaneous 
f a u l t in g  and slumping common.
A g en e ra l model o f  t i d a l  f l a t s  w ith  re sp e c t to  th e  b a r r i e r  i s l a n d , 
p ro te c te d  bay, e s tu a r in e  and d e l ta ic  s e t t i n g : In  ad o p tin g  the Evans*
( 1965) t i d a l  f l a t  model fo r  th e  purpose o f  environm ental in te r p r e ta t io n  
o f  th e  B e l lb ird  Creek Form ation, th e  e s s e n t ia l  and d is t in g u is h in g  
c h a r a c te r i s t i c s  must be emphasized. In  a d d it io n , i t  must be no ted  th a t  
th e  ebb and flo o d  w a ter movements in  th e  low er su b fa c ie s  in  th e  Wash a re  
s tro n g ly  governed by th e  geomorphology o f t h i s  c o a s ta l  s t r i p ,  in  p a r t i c u la r  
th e  Boston Deep and th e  Witham O u tfa l l .  Thus, th e  longshore azim uthal 
o r ie n ta t io n  o f tra n s v e rse  mega r ip p le s  in  th e  low er sand f l a t s ,  due to  
s tro n g  ebb c u r re n ts ,  i s  n o t n e c e s s a r i ly  always g iven . In  f a c t ,  Evans* 
lower sand f l a t  su b fac ie s  should be g e n e ra liz e d  by in c lu d in g  Van S tr a a te n ’ s 
( 1961) Dutch b a r r i e r  is la n d  type  o f  t i d a l  f l a t  a re a  w hich, in  t h i s  
p o s i t io n ,  s p e c if ie s  t i d a l  channels rough ly  o r ie n te d  p e rp e n d icu la r  to  the  
c o a s t l in e .  T h ere fo re , th e  model l i s t e d  below in c lu d e s  th e  Dutch type o f  
t i d a l  i n l e t  and e s tu a ry  mouth environm ent which may o r  may n o t be 
a p p lic a b le  to  th e  environm ent o f  th e  B e l lb ird  Creek Form ation. In  th e se  
deformed Devonian rocks i t  i s  a lso  w ise to  g ive th e  d ir e c t io n  and sc a le  
o f  r ip p l e  marks more w eight than  th e  shape o f  t h e i r  c r e s ts  and tro u g h s .
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U sually  c u r re n t  r ip p l e s ,  wave r ip p le s ,  and in te r fe re n c e  r ip p le s  a re  
d is t in g u is h a b le  w ith  some degree o f  c e r ta in ty .  N eedless to  say , the  
Surinam t i d a l  f l a t  p o s s i b i l i t y ,  which lo c a l ly  would tend  to  develop high  
energy beach zones, must a lso  be kep t in  mind.
Ib r  th e  pu rposes o f  environm ental in te r p r e ta t io n  o f  th e  B e llb ird  
Creek Form ation th e  fo llo w in g  d is t in g u is h in g  c h a r a c te r i s t i c s  o f  th e  t i d a l  
f l a t  s u b fa c ie s , s tra n d  l i n e ,  and mixed environm ental f a c ie s  a re  u t i l i z e d ;
C oasta l m eandering c reek  -  normal f lu v ia l  sequence u s u a lly  th ic k e r  than  
th e  i n t e r t i d a l  su b fa c ie s  u n i t s  -  la rg e  sco u rs.
Dune d e p o s its  -  id e n t i f i e d  by g ranu lom etric  and palaeow ind d ir e c t io n  
c r i t e r i a .
Lagoon -  f a i r l y  th ic k  sh a le , s i l t y  o r  s l ig h t ly  sandy, more re g u la r  bedding 
than  t i d a l  f l a t  d e p o s its , few w ashouts, many bedding p lan es  have 
wave r i p p l e  m arks.
T idal f l a t ,  m arsh d e p o s its  -  c layey  s i l t s  and s i l t y  c la y , w ell lam in a ted , 
mud c ra c k s , r e l a t i v e l y  th in ,  some r ip p le  m arks, no rew orking by 
waves and organism , slow sed im en ta tion .
T id a l f l a t ,  h ig h e r mud f l a t  -  s i l t y  sands, sandy s i l t s ,  lam ina ted , r ip p le  
marks p a r a l l e l  to  c o a s t l in e ,  su rfa ce  i r r e g u la r ,  sm all sco u rs , very  
l i t t l e  rew ork ing  by waves and organism s, some s h e lly  fauna, mud 
f la k e s ,  f a i r l y  ra p id  sed im en ta tio n .
T idal f l a t ,  sand f l a t s  -  f in e  to  medium sand, maximal s o r t in g  o f  t i d a l
f l a t  su b fa c ie s , r ip p l e  marks common and p a r a l l e l  to  shore l i n e ,  some 
in te r f e r e n c e  r i p p l e s ,  sm all scours  l e s s  v /ell s t r a t i f i e d ,  ex ten s iv e  
rew orking  by waves and organism s, slow sed im en ta tio n .
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T id al f l a t ,  lo v e r  mud f l a t s  -  ty p ic a l ly  a l t e r n a t in g  sandy and muddy
lam inae, o c c a s io n a lly  in c lin e d  lam inae d ipp ing  seaward, s in ce  th i s  
su b fa c ie s  re p re s e n ts  th e  s te e p e s t  p a r t  o f  t i d a l  f l a t  environm ent.
Only o ccas io n a l r ip p le  marks w ith  v e iy  long  c r e s t s  p a r a l l e l  to 
shore l i n e .  O ccasio n a lly  th in ,  s h e l ly , o r  o rgan ic  d e t r i tu s  la y e r s ,  
l i t t l e  rew orking  by waves o r organism , ra p id  sed im en ta tio n .
L i t to r a l  o r beach p ro p er -  h igh  energy eq u iv a len t o f  in n e r  sand f l a t s  
and lower mud f l a t s  -  up to  pebbly co arse  sand, depending on s iz e  
o f  m a te r ia l  a v a i la b le ,  good o r  maximal rounding , id e n t i f i e d  by 
g ranu lom etric  a n a ly s is  due to  c r i t i c a l  w e ll- s o r te d  c h a ra c te r .
T idal f l a t ,  low er sand f l a t s  o r t i d a l  channels -  medium to  f in e  sand,
sometimes muddy, abundant r ip p le  marks p a r a l l e l  an d /o r p e rp e n d icu la r  
to  c o a s t l in e ,  abundance o f  in te r fe re n c e  r ip p l e s ,  tra n s v e rse  mega 
r ip p le s  1 -  2 f t .  am p litude , w ith  azim uth p a r a l l e l  to  c o a s t l in e  
(longshore  c u r re n ts  in  lower sand f l a t s )  o r  p e rp e n d icu la r  to  shore­
l in e  (ebb c u r re n ts  in  t i d a l  channels) l i t t l e  o r  no o rgan ic  rew orking, 
m inor wave a c t io n , s tro n g  t i d a l  c u r re n ts ,  slow sed im en ta tio n .
E stuary  -  s i l t  to  co a rse  sand, bim odal, tra n s v e rse  mega r ip p le  d ir e c t io n  
p e rp e n d ic u la r  to  c o a s t l in e  in  b o th  d ire c t io n s  and 180° a p a r t .
B a r r ie r  I s la n d  -  coarsening-upw ard sequence, d i s t i n c t  g rad in g  from f in e  
sand w ith  o c ca s io n a l c la y  la y e r s  o r  lam inae in  th e  low er p a r t s  to  
co arse  sand w ith  h a rd ly  any c lay  on to p , shallow  w ashouts.
Subaqueous p a r ts  o f  b a r r i e r s  -  more re g u la r  bedding -  many bedding p lan es  
have a  r e l i e f  o f  wave r ip p le  m arks. These a re  r e f e r r e d  to  as 
" lag o o n a l” o r “n e r i t i c " .
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D elta  c o n s tru c tiv e  -  see V is h e r 's  (1965) d e l ta ic  model and Scruton
( i9 6 0 ) . P redom inantly  c u rre n t d i r e c t io n  dow n-palaeoslope u n le ss  
m odified  by l i t t o r a l  p ro c e sse s . Van S t r a a te n 's  (1961) term " d e l ta  
f r o n t  o r  d e l ta  bay" i s  a lso  used .
D e lta ic  t i d a l  f l a t s  and p a sse s  ( t i d a l  channels) -  may be e s ta b lis h e d  on 
th e  b a s is  o f  th e  environm ent o f  d e p o s itio n  o f  th e  u n d e rly in g  and 
o v e rly in g  s t r a t a .
The b a sa l 550 f t .  o f  th e  Worange P o in t s e c tio n  (JS4 ) : Follow ing
Evans' (1965) model, a  t i d a l  f l a t  su b fa c ie s  o r r e la te d  f a c ie s  can be 
a ss ig n ed  to  th e  sed im en ta tion  u n i t s  a s  measured (T able 9 )» acco rd ing  to  
g ra in  s iz e  and sedim entary  s t r u c tu r e s .  The fo llo w in g  procedure made u se  
o f  the  v a rio u s  c r i t e r i a ,  a s  shown below:
A. C r i t e r i a  u sed  fo r  d e te rm in a tio n  o f  d e p o s it io n a l environm ent:
Having recogn ized  a given fin ing^upw ards cy c le  (p ig . 10, Column V Il) , 
th e  r e l a t iv e  p o s i t io n  o f  th e  u n i t  w ith in  th e  c y c le , and i t s  g ra in  
s iz e ,  y ie ld s  an Evans' su b fa c ie s .
B. C r i t e r i a  subsequen tly  checked a g a in s t  d e p o s it io n a l su b fa c ie s :
(a ) sedim entary  s t r u c tu r e s  w ith in  u n i t
(b ) c u rre n t d i r e c t io n  w ith  re s p e c t to  p a laeo s lo p e
(c )  m isce llan eo u s, such a s  m a trix  and rounding .
I f  sedim entary  s t r u c tu r e s ,  e t c . ,  c o n tra d ic t  i n i t i a l  su b fa c ie s , a  
n o n - t id a l  f l a t  f a c ie s  i s  in d ic a te d  and a  new model i s  chosen, e .g . 
















sgend to Table 9 (in pocket)
The following terminology in regard to the rock colour 
chart (GSA, 1951) is used in the text:
RP .. purple (none in Upper Dub JS4)
R .. red (none in Upper Dub JS4)
YR .. brown
10YR6/2, 5YR6/4, 5YR5/2, 5YR7/2 .. reddish-brown
GY & Y • • green or yellow green 
N .. neutral, grey and whitish (all chroma 1
may be regarded as nearly neutral).
Percentage interbeds refers to interbedded strata whereby 
the interbeds of the minor lithology do not exceed 1 ft. 
and are often only a few inches thick.
m S8 .. medium sandstone f ss .. fine sandstone
v f ss •. very fine sand- sltst •. siltstone
stone sh .. shale
v sndy sh .. very sandy shale 
sndy sh .. sandy shale
slty sh .. silty shale
According to QFR diagram (Crook, 1960) established by 
point count (average count 1000).
Established by point count (average count 1000).
Established by point count (average count 1000).
Established by point count (average count 1000); less 
than 0.06 mm.
Established by point count (average count 1000).
Inclusive graphic standard deviation (Folk & Ward, 1957)» 
established by granulometric thin section analysis on 





.• migrating transverse ripples 
.. other usually smaller scale inclined 
laminae
.. any ripples with crests and troughs, 
including interference ripples 
.. laminae disrupted or broken by organic 
activity and/or mechanical disturbance 
due to desiccation or slumping.
Terminology of Evans (1965)» Straaten (1961), and 
Scruton (i960) is employed in regard to the Upper 
Bellbird Creek Formation.
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C. C r i te r ia  to  be proven:
(a )  co lo u r o f  s t r a t a  w ith  re s p e c t to  c u rre n t d ir e c t io n  ( s e e ‘Colour 
s t a t i s t i c s “ and Table 27)
(b) mean th ic k n e ss  o f  fining^-upwards c y c le s  y ie ld in g  t i d a l  range
(c) d e l ta ic  t i d a l  f l a t s ,  a s  a g a in s t  e s tu a r in e  o r  b a r r i e r  is la n d  
t i d a l  f l a t s
(d) palaeoecology
On th i s  b a s is  th e  m a jo r ity  o f  th e  f a c ie s  d e s ig n a tio n s  in  reg a rd  to  
the  upper B e llb ird  Creek Form ation (T able 9 ) a re  thought to  be v a l id  fo r  
th e  fo llow ing  reaso n s:
( 1) Mega r ip p le s  (T able 9 ) :  Evans ( 1965) and Van S tra a te n  ( 1961)
c h a ra c te r iz e  th e  b a sa l t i d a l  f l a t  su b fa c ie s  by th e  p resen ce  o f  mega 
r ip p le s .
(a ) A ll 5 mega r ip p le d  u n i t s  a re  a t  th e  base o f  a  cy c le  and a re  
c la s se d  a s  “lower sand f l a t  o r  t i d a l  channel o r  p a ss" .
(b) U nit 16 (JS4 ) ,  a lso  c la s s e d  a s  a “lower sand f l a t ” , la ck s  mega 
r ip p le s ,  b u t has abundant r ip p le  marks and in te r fe re n c e  r ip p le s  
which, a cco rd in g  to  Evans (1965)» i s  a lso  c h a r a c te r i s t i c  o f  
t h i s  su b fa c ie s .
(c )  The upperm ost two t i d a l  f l a t  c y c le s  (JS4, u n i t s  25-29) lack  
th e  b a sa l “low er sand f l a t “ su b fa c ie s  which i s  in te rp re te d  
a s  a  le s s  v ig o ro u s , more landward t i d a l  f l a t  environm ent.
(d) Four o f  th e  b a sa l f iv e  t i d a l  f l a t  c y c le s  (JS4 , u n i t s  1 to  18) 
lack  “m arsh“ sedim ents, which re p re se n t th e  f in e s t  and uppermost
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su b fac ie s  o f  th e  t i d a l  f l a t  environm ent. T his i s  in te r p r e te d  a s  a
more v igorous o r  more seaward t i d a l  f l a t  environm ent.
(2) A lte rn a tin g  sandy and muddy lam inae (T able 9)* A ccording to
Evans (19&5)» th e  ty p ic a l  l i th o lo g y  o f  th e  '’low er mud f l a t "  i s  a l t e r n a t in g
sandy and muddy lam inae.
(a ) Of 9 u n i t s  c la s s e d  a s  "low er mud f l a t  o r  t r a n s i t io n a l ly  lower 
mud f l a t "  e ig h t have th e  ty p ic a l  l i th o lo g y  o f  a l t e r n a t in g  sandy 
and muddy lam inae. One such u n i t  la ck s  i t .
(b) One u n i t  c la s s e d  a s  "sand f l a t  to  h ig h e r mud f l a t "  a lso  has 
a l t e r n a t in g  sandy and muddy lam inae.
(5) R ipp le  marks (T able 9)* A ccording to  Evans ( 1965) th e  bass-l t i d a l  
f l a t  sedim ents (low er sand f l a t s  to  in n e r  and A ren ico la  sand f l a t s )  show 
maximal r ip p le  m arkings. The "h igher mud f l a t  and marsh" sedim ents have 
fa r  fewer r ip p le  m arks.
(a ) In  8 u n i t s  abundant r ip p le  marks have been observed . Seven o f  
th e se  a re  c la s s e d  a s  b a sa l t i d a l  f l a t  su b fa c ie s  (low er sand f l a t s  
to  sand f l a t s ) .
(b) One o f  th e  u n i t s  w ith  r ip p le  marks i s  c la s s e d  a s  "h igher mud 
f l a t  to  m arsh".
(4) D istu rbed  lam inae (T able 9)* A ccording to  Evans (1965)> maxiiaal 
o rg an ic  d is tu rb an ce  o f  lam inae occurs in  the  "A ren ico la  sand f l a t " .
Evans' "A ren ico la  sand f l a t s " and " in n e r sand f l a t "  a re  combined to  "sand 
f l a t s " ,  as  d i s t i n c t  from th e  "low er sand f l a t s  and t i d a l  ch an n e ls" , fo r  
the  purpose o f  the model a p p lie d  to  th e  B e l lb ird  Creek Form ation.
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(a ) Of 9 d is tu rb e d  u n i t s ,  fo u r a re  u n iq u e ly  o r  t r a n s i t i o n a l ly  
c la s s e d  a s  ’’sand f l a t ” , two a s  ’’lower mud f l a t s " ,  and one as 
"h ig h e r mud f l a t s " .
(b) Two o f  th e  "marsh" su b fa c ie s  a re  d is tu rb e d  a t  the  to p .
(5) Low energy environm ent (T able 9 )*
(a )  The m a trix  co n ten t o f  13 c lea n e r a r e n i te  u n i ts  (o u t o f  32 
sed im en ta tio n  u n i ts )  ranges from 8 .9  to  31*1 i° and averages a t
17.7$.
(b) Degree o f  rounding  (Pow ers’ roundness s c a le )  does not vary  
a p p re c ia b ly  th roughout th e  sequence and i s  u s u a lly  ”subrounded" 
o r l e s s ,  and on ly  o ccas io n a l g ra in s  may be c la s s e d  as  rounded 
( th e  a e o lia n  u n i t  33 ranges up to  w e ll-ro u n d ed ).
(c) Thin s e c tio n  g ra in  s iz e  a n a ly s is  was c a r r ie d  o u t on one o f  th e  
b e t t e r  s o r te d  a r e n i te  u n i t s  (U nit 15)« Due to  th e  d i f f i c u l ty  
in  d is t in g u is h in g  rock fragm ent g ra in  boundaries w ith  the 
p re sen ce  o f  a m atrix  o r  c lay  cement, t h i s  a n a ly s is  was c a r r ie d  
ou t on q u a rtz  g ra in s  o n ly . M atrix  p o in t counts in d ic a te  th a t  
th e  s o r t in g  v a lu e  thus o b ta in ed  (ö~j  = O.45) i s  p robab ly  too 
low and o n ly  e s ta b lis h e s  th a t ,  r e l a t i v e ly  speaking , t h i s  and 
s im ila r  h o rizo n s  a re  the  b e s t  s o r te d  u n i t s  in  th e  sequence 
(T able 9)*
(6) Thickness o f  finin/y-upward c y c le s  (Table 9)* Evans ( 1965) concludes 
th a t  the  t i d a l  f l a t  sequence re p re s e n ts  a  fin ing-upw ard  sequence whose 
th ic k n e ss  depends on th e  maximal t i d a l  ran g e . At the  Wash (Evans, 1965) 
th e  th ic k n e ss  i s  about 22 f t . ,  w hile  th e  average th ic k n e ss  a t  th e  Dutch,
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German o r  Danish c o a s t somewhat exceeds 30 f t . ,  exclud ing  p e a t d e p o s its .
(a) E ight fin ing-upw ard  c y c le s  can he d is tin g u ish e d  in  th e  upper 
B e l lh ird  Creek Form ation, ran g in g  in  th ic k n e ss  from 17 to  38 f t .  
and av erag in g  a t  26 f t .
(b) Of the  n in e  c o n ta c ts  between c y c le s , s ix  a re  w e ll d e fin ed  by 
g ra in  s iz e  jumps, two a re  p o o rly  d e fin ed , and one i s  n o t exposed.
On th e  b a s is  o f  g en era l c h a r a c te r i s t i c s ,  th e  top 75 f t .  (JS4, 
u n i t  30 to  34) o f  th e  upper B e l lb ird  Creek Form ation in d ic a te s  n o n - t id a l  
f l a t ,  t r a n s i t io n a l  f a c ie s .  U nit 30 (JS4 ) i s  c l a s s i f i e d  a s  ’‘c o a s ta l  stream  
o r  t i d a l  f l a t ” , s in ce  i t  re p re se n ts  a  th in  6 f t .  fin ing-upw ards cy cle  
w ith  sedim entary  s t r u c tu r e s  which, ascend ing  s t r a t ig r a p h ic a l ly ,  a re  
e s s e n t ia l ly  f lu v i a l .  U n it 31 (JS4 ) i s  c la s s e d  a s  ’'lag o o n a l” and re p ­
re s e n ts  a  31 f t .  s i l t y  sh a le  sequence w ith  some sand lam inae, r ip p le  m arks, 
and some sm a ll-s c a le  c ro ss-b ed d in g  a t  the  to p .
U nit 32, which i s  p a r t ly  p o o rly  exposed, i s  even f in e r -g ra in e d  than  
th e  u n d e rly in g  lag o o n al u n i t  and i s  c la s s e d  as  a  ’’lagoonal o r marsh 
d e p o s it” . U nit 35» o f  9 f t .  th ic k n e ss , has th e  b e s t s o r t in g  in  th e  
e n t i r e  upper B e l lb ird  Creek Form ation sequence, and i s  c la s s e d  a s  ’’wind 
blown dune” . This u n i t  i s  d iscu ssed  in  th e  s e c tio n s  on "Palaeowind 
d ire c tio n "  and "Thin s e c tio n  s iz e  a n a ly s is ” . U nit 34» o f  21 f t .  th ic k n e s s , 
i s  c la ssed  as  " c o a s ta l  stream  rew orking  wind blown sand” , on th e  b a s is  
o f  sed im entaiy  s t r u c tu r e s  (H g . 10, 23) and g ranu lom etric  d a ta  (see  
"Thin s e c tio n  s iz e  a n a ly s is ” )
This environm ental in te r p r e ta t io n  in d ic a te s  th a t  th e  c o n tac t 
r e la t io n s h ip  between th e  B e llb ird  Creek and Worange P o in t Form ations may
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very  w ell re p re se n t a  low -angle unconform ity o r  a ’’p a racon fo rm ity” , 
s in ce  t i d a l  f l a t  fo rm ations may be expected to  be tru n c a te d  by l a t e r  
e ro sio n  (Van S tra a te n , 1961, P* 214)»
D e lta ic  t i d a l  f l a t s  and p a s s e s :
A d e l ta ic  t i d a l  f l a t  environm ent, r a th e r  than  e s tu a r in e  o r  b a r r ie r  
is la n d  t i d a l  f l a t s ,  i s  thought to  be favoured  fo r  th e  fo llo w in g  reaso n s:
(1) O verly ing  and u n d e rly in g  s t r a t a : The top  500 f t .  o f  th e  u n d e rly in g
lower B e llb ird  Creek Formation i s  c la s s e d  a s  ’’d e l ta ic  c o n s tru c tiv e , 
subaqueous” and th e  o v e rly in g  Worange P o in t Form ation i s  shown to  be 
’’f lu v ia l  -  m eandering r i v e r  -  c o a s ta l  p la in ” , th e  b a sa l p a r t  o f  which may 
re p re se n t ’’top s e t  -  d e l ta ic  -  s u b a e r ia l” d e p o s its . The fo llo w in g  f a c ie s  
su ccession  seems re a so n a b le , a s  a lre a d y  m entioned a t  th e  beg inn ing  o f  
the  argument:
F lu v ia l -  m eandering r iv e r  -  c o a s ta l  p la in :  m ajor p a r t  o f  Worange 
P o in t Form ation
S u b aeria l top s e t  d e l ta ic :  b a sa l Worange P o in t Form ation 
S u b ae ria l d e l ta ic  t i d a l  f l a t s  and p a sse s : upper B e l lb ird  Creek
Formation
Subaqueous d e l ta ic  -  c o n s tru c tiv e : top o f  low er B e l lb ird  Creek
Form ation.
( 2 ) C r o s s - s t r a t i f i c a t io n  d ir e c t io n  (F ig . 10): C urrent d ire c t io n  in
26 u n i t s  ou t o f  a  t o t a l  o f  34 u n i t s  o f  th e  upper B e l lb ird  Creek Formation 
has been observed . The 29 modes o f  29 u n i t s  o r  su b -u n its  may be 
summarized w ith  re g a rd  to  th e  p a laeo s lo p e  as  fo llo w s:
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dow n-palaeoslope only 9
u p -p a laeo slo p e  only 0
down and u p -p a laeo s lo p e 11 (down slope  predom inant e s p e c ia lly  
( in  th e  b a sa l 140 f t .
p a r a l l e l  to  p a laeo s lo p e 6
a e o lia n  e s ta b lis h e d 1 ("Palaeow ind d ire c tio n "  i s  d is ­
c u s s e d  below under th i s  head ing .
a e o lia n  component 
in d ic a te d
2 (may re p re se n t w ind-driven  aqueous 
(c u rre n t o r  wind-blown dune.
The predominance o f  downslope c u r re n t  d i r e c t io n  favou rs th e  d e l ta ic  -  
t i d a l  f l a t  s e t t in g .  The e s tu a r in e  -  t i d a l  f l a t  s e t t in g  i s  u n lik e ly , 
due to  th e  c le a r ly  su b o rd in a te  u p -p a laeo s lo p e  component. (See a lso  
r o s e t te s  a t  1000 f t . ,  1200 f t . ,  1300 f t . ,  1400 f t .  o f  F ig . 24) .
The b a r r ie r  i s la n d  -  t i d a l  f l a t  environment i s  r e je c te d  on th e  
b a s is  o f  th e  in freq u en cy  o f  c u rre n t d ire c t io n  p a r a l l e l  to  th e  p a laeo s lo p e  
(see  a lso  F ig . 24) .
In  th e  b a sa l 14O f t .  a l l  t i d a l  f l a t  su b fac ie s  c la s s e d  as  '’Lower 
sand f l a t  o r t i d a l  channel o r  pass"  have a s tro n g  down-slope component 
on ly  (T able 9)* These u n i t s  p robab ly  re p re se n t p a sse s  o f  a  p ro g rad in g  
d e l ta .  T he ir th ic k n e s s , which i s  r e la te d  to  th e  depth (Van S tra a te n , 
1961) ,  ranges from 9 to  28 f t .  and averages a t  14 f t .  T h is i s  in  good 
agreem ent w ith  th e  average  r i v e r  channel dep th  o f  12 f t .  o f  th e  o v e rly in g  
Worange P o in t Form ation.
The same b a sa l t i d a l  f l a t  sub f a c ie s  in  th e  m iddle o f  th e  upper 
B e llb ird  Creek Form ation have bo th  up and dow n-palaeoslope components 
(Table 9) and probab ly  re p re se n t t ru e  t i d a l  channels in  a more p ro te c te d  
s e t t in g .
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(3) Mica co n ten t (T able 9)* The co n ten t o f  sand s iz e  d e t r i t a l  m icas e s ta b ­
l is h e d  by p o in t count from 13 ou t o f  34 u n i t s  (average count c i r c a  1000) ,  
ranges from 0 to 1»6/o and averages O.87&. T his d i s t r ib u t io n  i s  thought
to  be q u ite  re p re s e n ta t iv e  o f  a l l  a r e n i te  u n i t s ,  as  shown by an exam ination 
o f  an a d d it io n a l  22 th in  s e c tio n s .
A d e t r i t a l  mica co n ten t o f  0.8^o i s  very  s im ila r  to  th e  mica co n ten t 
o f  th e  Msubaqueous d e l ta ic  -  c o n s tru c tiv e 1' u n i t s  o f  th e  lower B e l lb ird  
Creek Formation (T ab le  8 ) .
( 4 ) Rock fragm ents and f e ld s p a r : A ll a r e n i te s  o f  th e  upper B e llb ird
Creek Formation a re  c la s s e d  as  l i t h i c  l a b i l e  a r e n i te s  (Table 9 and F ig .28). 
As f a r  a s  th e  M errimbula Group n ear Eden i s  concerned, a fe ld sp a th o -  
l i t h i c  o r  l i t h i c  l a b i l e  com position i s  ty p ic a l  o f  a l l  f lu v ia l  and d e l ta ic  
u n i t s  (F ig . 25 to  3 0 ). Due to  a l i t t o r a l  source o f  fe ld s p a r  and g ra n ite  
fragm ents over 90tfo o f  l i th o - f e ld s p a th ic  and fe ld s p a th ic  a r e n i te s  have 
been shown to  be o f  n e a r-sh o re  l i t t o r a l  o r n e r i t i c  environm ent (F ig . 24»
F ig . 25 to  30 ).
The e ig h t- fo ld  r e p e t i t i o n  o f  th e  fin ing^upw ards c y c le s , resem bling  
those  o f  th e  t i d a l  f l a t  sequence s tu d ie d  by Evans ( 1965) ,  perhaps be 
thought o f  a s  e ig h t d i f f e r e n t  s tag e s  o r  phases o f  d e l ta  b u ild in g  during  
upper B e llb ird  Creek tim e . These e ig h t s tag es  may be in d ic a t iv e  o f  a  
slow ly su b sid in g  b u t n e v e r th e le s s  p ro g rad in g  im b ric a tin g  d e l ta  complex.
Environm ental c o n c lu s io n s :
In  g e n e ra l, th e  upper B e llb ird  Creek Formation reco rd s  th e  d e p o s its  
o f  the  fo llo w in g  environm ents (ascend ing  s t r a t ig r a p h ic  o rd e r ) :
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Major environm ents o f  d e p o s it io n , upper B e llb ird  Creek Form ation
Worange P o in t F lu v ia l -  m eandering r iv e r  -  c o a s ta l  p la in  
Form ation (800 f t .  p lu s )
b a sa l Wo range 




F lu v ia l  to  to p - s e t  d e l ta ic  -  su b a e ria l
(500 f t . )  (paracon fo rm ity  o r  low dip unconform ity)
T ra n s i t io n a l  f a c ie s  o f  lagoon, m arsh, c o a s ta l  
stream  and wind-blown dune d e p o s its  (75 f t . )
T idal f l a t s ,  in c lu d in g  marsh and t i d a l  channels
(115 f t . )
T idal f l a t s  and p a sse s  ( d e l ta ic  -  to p - s e t  -  
s u b a e r ia l ) ( 140 f t . )
Top, lower B e ll-  D e lta ic ,  c o n s tru c tiv e , subaqueous (500 f t . )
b i rd  Creek
Pbim ation
These f a c ie s ,  to g e th e r  w ith  th e  environment o f  d e p o s itio n  o f  th e  
o v e rly in g  and u n d e rly in g  s t r a t a ,  in d ic a te  a  g en era l landward m ig ra tio n  
o f  d e p o s it io n a l environm ents and reco rd  the  c o n s tru c tio n  o f  a m ajor 
in ib r iea tin g  d e l ta  complex. D isreg ard in g  th ic k n e ss  lo s s  due to  compaction 
and l i t h i f i c a t i o n ,  an average  maximal t i d a l  range (up to  sp rin g  t id e )  
du rin g  upper B e llb ird  Creek time i s  given a s  o f  approxim ately  26 f t .
In  term s o f  s t r i c t l y  u n ifo rm ita r ia n  p r in c ip le s ,  such a t i d a l  range o f  
26 f t .  in d ic a te s  a  shallow  sea where th e  t id e  i s  co n cen tra ted  between 
converging shores (Holmes, 1965, P* 787)» At p re se n t t i d a l  ranges o f  20 
to  50 f t .  a re  common under th e se  c o n d itio n s . Spring  t id e s  may re a ch  as 
h igh  as  42 f t .  a t  g iven  in s ta n c e s  where sp e c ia l geomorphic and bathom etric
co n d itio n s  a re  g iven
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P alaeoeco logy :
The B e llb ird  Creek brachiopods a re  a  m arine assem blage (Hopkins,
1957» P*424> Cooper, 1957a» p .1113)- P re se n t day L ingula i s  generally- 
found between t id e  marks o r  in  shallow  w ater (Ashworth, 1918), a lthough  
la rv a e  (? ) a re  sa id  to  have been c o lle c te d  from 2200 fathom s dep th . 
Schuchert (1911) s t a t e s  th a t  in  reg a rd  to palaeogeograph ic  s ig n if ic a n c e  
L ingula i s  a  warm, shallow  w ater sp ec ie s  re p re s e n tin g  an e x c e lle n t 
sh o re lin e  in d ic a to r .  Cooper (1957h, p p .260-261,275,276) a ss ig n s  th e  
Middle Devonian L ingula  o f  th e  e a s te rn  and c e n tr a l  U. S. an environm ent 
o f  shore p rox im ity  in  shallow , b ra c k ish  w a ter, s in ce  to  d a te  th e  genus 
L ingula has no t been taken  from w aters  deeper than  23 fathom s, and s in ce  
a l l  known sp ec ie s  o f  L ingula  a re  r e s t r i c t e d  to  shallow  w a te rs , u s u a lly  
shore zones su b je c t to  t i d a l  a c t io n . For s im ila r  p a lae o e co lo g ica l 
con clu sio n s  in  reg a rd  to  th e  occurrence  o f  L ingula in  rocks o th e r  than 
Devonian see numerous re fe re n c e s  l i s t e d  by Ladd (1957» P»1055)*
At th e  new f o s s i l  l o c a l i t i e s  th e  l i th o f a c ie s  c o n ta in in g  m a c ro fo ss ils  
v a r ie s .  At Yellow P inch Creek th e  b rachiopods occur in  bedding p la n es  
o r d iastem s o f  a few in ch es  in  th ic k n e ss , which a re  l a t e r a l l y  con tinuous 
over more than  a  hundred f e e t .  These d iastem s a re  p a r t i c u la r ly  r i c h  in  
brown iro n  oxide and samples a re  very  f r i a b l e .  These r ic h e r  h o rizo n s  a re  
a s s o c ia te d  w ith  a l i th o lo g y  c o n s is t in g  o f  r ip p le  marked a l te r n a t in g  brown, 
sandy, and green muddy lam inae o r  b e t t e r  so r te d  th in  sandstone u n i t s ,  
which a re  shown to  r e p re s e n t  th e  lower mud f l a t s  to  sand f l a t s  su b fac ie s  
o f  t i d a l  f l a t  environm ent (Evans, 1965)» These su b fa c ie s  may be looked 
upon a s  th e  low -energy eq u iv a len t o f  th e  h ig h -en erg y  l i t t o r a l  o r  beach
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environm ent. Only a few broken specimen were o b ta in ed  from th ic k e r  
sandstone u n i t s ,  p robab ly  be long ing  to  th e  lower sand f l a t  (Evans, 1965) 
o r t i d a l  channel (Van S tra a te n , 1961) su b fac ie s  o f  the  t i d a l  f l a t  
environm ent. Some o f  th e  c o l le c t io n  from Boumda Creek occu rs  in  medium 
to co arse  sandstone resem bling  th e  l i th o lo g y  o f  th e  sandy u n i t s  o f  th e  
t i d a l  f l a t  environm ent. Some c o l le c t io n  from Boumda Creek in  th e  lower 
B e llb ird  Creek Form ation probab ly  came from lagoonal o r  h ig h e r t i d a l  
f l a t  environm ent, b u t th e  d e ta i le d  s tr a t ig ra p h y  i s  n o t known in  th e  
n o rth e rn  p a r t  o f  th e  map a re a . The B e llb ird  Creek and Yellow Pinch Creek 
f o s s i l  l o c a l i t i e s  (F ig . 2) a re  undoubtedly  o f  th e  same l i th o f a c ie s  a s  
th e  type s e c tio n  o f  th e  upper B e llb ird  Creek Form ation (JS4) analyzed  
in  d e ta i l  above.
On th e  b a s is  o f  th i s  l i th o s t r a t ig r a p h ic ,  environm ental a n a ly s is  i t  
i s  th e re fo re  concluded th a t  a  t i d a l  f l a t  environm ent i s  in d ic a te d  fo r  
th e  fo llow ing  Upper Devonian fauna:
L ingula sp .
Rhynchonella pleurodon
u
Rhynchonella (? ) Cuboides
Atrypa s p .( ? )  r e t i c u l a r i s
Phthonia.
A viculopecten  ?
C y r to s p ir i f e r  a u s t r a l i s  (Maxwell)
However, th e  w r i t e r 's  c o l le c t io n  a lso  in d ic a te s  th a t  the  specimens were 
tra n sp o r te d  and s o r te d  by t i d a l  c u r re n ts  and th e re fo re  a  n e a r-sh o re  
environm ent, a re a ly  c lo se  to  t i d a l  f l a t s ,  may app ly  e q u a lly  w e ll to  
th i s  Upper Devonian fauna.
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ANALYSIS OF THE WO RANGE POINT FORMATION (MERRIMBULA GROUP)
Summary o f  F ie ld  Data 
D e fin itio n  o f  th e  Worange P o in t Form ation;
For purposes o f  fo rm atio n a l mapping, th e  base  o f  th e  Worange P o in t
Formation i s  d e fin ed  a s  th e  top o f  th e  l a s t  g reen , g rey , o r  brown sh a le
MGt-w
o r mudstone h o rizon  in  acce ss  o f  5 f t .  th ic k n e ss , o r th e  base o f  th e  
f i r s t  5 f t .  re d  o r  p u rp le  sh a le  o r  mudstone h o rizo n  in  ascending  s t r a t -  
ig ra p h ic a l ly  from th e  B e l lb ird  Creek Form ation. In  case o f  doubt, the  
base o f  the  f i r s t  re d d ish  o r  brow nish, r e s i s t a n t  and po o rly  so rte d  
sandstone sequence o v e rly in g  th e  l a s t  green  sh a le  and u n d e rly in g  th e  
f i r s t  re d  mudstone was chosen. This boundary i s  u s u a lly  marked by an 
a p p re c ia b le  in c re a s e  in  average and maximum g ra in  s iz e ,  th e  p resence  o f  
a  m ix ture  o f  green , re d  and brown sh a le  fragm ents, and la rg e  d e t r i t a l  
m icas in  th e  Worange P o in t Form ation.
In  the  Eden-Merrimbula a re a  no e a s i ly  reco g n izab le  top o f  th e  Worange 
P o in t sequence has been n o ted . The l a t t e r  i s  tru n c a te d  a t  numerous 
s t r a t ig r a p h ic  le v e ls  by th e  T e r t ia ry  unconform ity and th e  top  o f  th e  
Worange P o in t Form ation th e re fo re  rem ains und efin ed . The Worange P o in t 
s e c tio n s  JS4 and JS8 serv e  a s  a  type  s e c tio n  o f  th e  Worange P o in t 
Form ation*.
This s e c tio n  i s  e a s i ly  a c c e s s ib le  a t  low t i d e ,  b u t in sp e c tio n  o f  
the  e n t i r e  sequence in v o lv es  a  reaso n ab le  amount o f  c lim bing , a s  
in  the  case  o f  th e  o th e r  type  s e c t io n s . W estern acc e ss  p asses  
through th e  p ro p e rty  o f  Mr. Sims, Eden, o r  n e c e s s i ta te s  c ro s s in g  
th e  t i d a l  channel a t  th e  n o rth  end o f  Long Beach, Eden (F ig . 2 ) .
The c e n tr a l  and e a s te rn  p a r t  o f  th e  s e c tio n  may be reached  v ia  a 
lum bering and f i s h in g  tra c k  le a d in g  to  Worange P o in t o r  N orth Head.
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C ontact r e la t io n s h ip s :
The B e llb ird  Creek -  Worange P o in t Form ation sequence appears  
conform able on ou tcrop  s c a le , bu t i t  i s  n o t q u ite  c le a r  w hether th e se  
c o n ta c t r e la t io n s h ip s  a re  t r a n s i t i o n a l ,  a s  in  the  Twofold Bay -  B e llb ird  
Creek Form ation sequence, o r  w hether i t  re p re se n ts  a  paracon fo rm ity  
(Dunbar & Rodgers, 1957» P* 117) or a  low -dip unconform ity (Tanner, 1954)* 
Dunbar & Rodgers (1957» P*125) r e f e r  to  a  low -dip unconform ity which 
re g io n a lly  b ev e ls  fo rm ations o r  fau n a l zones a s  a  d isco n fo rm ity . At 
Edrom (JS 1J )  the  r e la t io n s h ip  may be c la s s e d  a s  t r a n s i t i o n a l .  At the  
Worange P o in t s e c tio n  (JS4) two w ell-d ev e lo p ed , e ro s io n a l su rfa c e s  can 
be tra c e d  fo r  hundreds o f  f e e t  to  th e  l im i t s  o f  th e  o u tc ro p . These 
su rfa c e s  a re  marked by scours and an abundance o f  re d  and green sh a le  
fragm ents and n e s ts  o f  sh a le  c l a s t s .  Some o f  th e se  mudstone fragm ents 
a re  w ell rounded and o f  bou lder s iz e .  The above two e ro s io n a l s u rfa c e s , 
which may be com parable to  T an n e r 's  (1954» P*894) "fan" o f  unconform ity 
t r a c e s ,  a re  ten d in g  to  c u t dow n-section (JS4) in  an e a s te r ly  d i r e c t io n .  
P resen t f i e ld  work cou ld  n o t e s ta b l i s h  w hether a  r e g io n a lly  c o n s is te n t ,  
low -dip unconforraable r e la t io n s h ip  e x i s t s  between th e  B e llb ird  Creek and 
Worange P o in t Form ations. In  th e  Eden-Merrimbula a re a  th e  upperm ost 
sed im en ta tion  u n i t s  o f  th e  B e llb ird  Creek Form ation a re  q u ite  v a r ia b le  
which in d ic a te s ,  a p a r t  from p o s s ib ly  complex f a c ie s  r e la t io n s h ip ,  th a t  
fu tu re  f i e ld  work may be a b le  to  show th a t  the  base o f  th e  Worange P o in t 
Formation c u ts  re g io n a lly  up o r  dow n-section w ith  re s p e c t to  th e  upper 
p a r t  o f  the  B e l lb ird  Creek Form ation.
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For the time being i t  i s  proposed to c la s s  the contact re la tio n sh ip  
between the B ellb ird  Creek and the Worange Point Formation as "paracon- 
formable". Assuming that the p a r t ia l ly  reworked dune sands (JS4, u n it 33» 
34) are o f  the same age as the underlying fo s s i l i f e r o u s  B ellb ird  Creek 
Formation, granulometric a n a ly s is  in d ica te s  that th is  '’paraconformable” 
contact may not represent a major time in te r v a l. The very basal f lu v ia l  
Worange Point beds (JS4, u n its  36-49) have in h er ited  a w ell sorted sand 
mode, as in d icated  by a high k u rto sis  (TS 67,75)» Most c h a r a c ter is tic s  
o f  th is  mode are co n s isten t w ith a dune o r ig in  sim ilar  to the immediately 
underlying beds. This in d ic a te s  that the dunes, which supplied the 
source m aterial for the f lu v ia l  sequence, were not consolidated  or 
cemented during t h is  "paraconformable" break, suggesting  that i t  may not 
have been o f  long duration and comprising a time in ter v a l much shorter  
than the length  o f  a g eo lo g ica l Period.
General c h a r a c te r is t ic s : (H e ld  photographs IXiw)
The Worange Point Formation rep resen ts a red bed sequence which, due 
to the presence o f  marked fining-upwards c y c le s , resem bles many red bed 
sequences around the world (A llen , 1965, F ig . 1 , 2 ) .  F ig . 10 rep resen ts  
a Bouma-type f ie ld  lo g  o f  the composite sec tio n  (JS4, JS8 ) a t Worange 
P oint. At th is  lo c a l i t y  the Worange Point Formation a tta in s  a minimum 
th ickness o f  1375 f t .  At the most eastern  part o f  Worange P oin t, or 
North Head, the stra tig ra p h ic  sec tio n  (JS8 ) i s  truncated by the present 
shore l in e ,  but the near-shore sea f lo o r  i s  underlain by Worange Point 
rocks. The sequence c o n s is ts  o f  (S^> conglomerate, "JOfo sandstone, 23'fo 
s i l t s to n e  and sh a le , and I7& covered in ter v a l (Table 5)» The s i l t s to n e s  
and shales are a l l  red (F ig . 10) and the la t t e r  are sandy and very sandy.
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Most o f  th e  sandstones a re  re d  o r re d d ish  (F ig . 10), b u t brown to  very- 
minor n e u tra l  and g re e n ish  hues do occur (T a b le 26). The g rey ish  and 
g reen ish  sandstones appear to  group in  f iv e  cy c le s  (F ig . 23). I n t r a -  
fo rm atio n a l conglom erates, in  which a l l  o r th e  m a jo rity  o f  p h en o cla s t 
c o n s is t  o f w ell-rounded  to  an g u la r re d  sh a le  fragm ents, a re  common and 
vary  in  th ic k n e ss  from s ix  in ch es  to  seven f e e t .  Conglomerates p roper 
do n o t occur in  th e  b a sa l 300 f t . ,  which r a i s e s  th e  co n ten t o f  
conglom erate in te rb e d s  in  th e  upper 1075 f t .  to  about 9fo. These con­
glom erates co n ta in  subrounded to  w ell-rounded  p h e n o c la s ts .
Pebble e lo n g a tio n , where measured ( e .g .  JS8, u n i t  5^)» i s  roughly  
p e rp e n d icu la r  to  c u rre n t d ir e c t io n s ,  a s  deduced from c r o s s - s t r a t i f i c a t i o n .  
Pebble im b ric a tio n , w ith  long  axes d ipp ing  u p -c u rre n t, i s  a lso  p re s e n t . 
Conglom eratic san d sto n es, a s  in d ic a te d  by th e  maximum g ra in  s iz e  column 
(F ig . 10) a re  common and a re  in c lu d ed  in  th e  above-m entioned 70v& o f  
sandstone . No pebbly mudstones a re  p re s e n t .
F o s s i l  co n ten t and ag e :
No f o s s i l  l o c a l i t i e s  a re  known from the  o u tc ro p s  o f  th e  Worange 
P o in t Form ation. I t s  age i s  th e re fo re  p ro b lem a tic . The Merrimbula Group 
i s  g e n e ra lly  thought o f a s  Upper Devonian on the  b a s is  o f  the m arine 
fauna o f  the B e llb ird  Creek Form ation. From the  Eden-Merrimbula a re a  
a l l  gen eric  f lo r a l  i d e n t i f i c a t io n s  from th e  Twofold Bay Form ation a re  
t e n ta t iv e ,  due to  poor p re s e rv a tio n . A lthough the  conform able o r  p a ra -  
conform able successio n  o f  the B e llb ird  Creek -  Worange P o in t Form ation 
sequence i s  u n c e r ta in , th e  b e s t  age e s tim a te  o f  the  Worange P o in t Formation 
i s  s t i l l  Late Devonian. The Worange P o in t Form ation cou ld  p o s s ib ly  be
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o f  E arly  C arboniferous age.
Sedim entary s t r u c tu r e s : ( H e ld  photographs Duw)
C r o s s - s t r a t i f i c a t io n  (F ig . 39>4Q>44>45>5Sr59 ) > which i s  d iscu ssed  
in  d e ta i l  in  the  nex t s e c tio n , i s  very  common and c u rre n t d ir e c t io n  was 
g e n e ra lly  toward th e  so u th eas t (F ig . 4 1 ). The 10$ re a d in g s  taken  
in d ic a te  a  h igher v a r i a b i l i t y  (F ig . 24, Table 11) o f  down-dip c ro ss ­
s t r a t i f i c a t i o n  d i r e c t io n  than in  th e  Twofold Bay Form ation. The p la n a r  
and sim ple c r o s s - s t r a t i f i e d  u n i t s  r a r e ly  exceed fo u r f e e t  o f  th ic k n e ss . 
C ro s s -s tra ta  a re  commonly oversteepened  and slumped (F ig . 4 4 ). Penecon- 
temporaneous f a u l t in g  and o th e r  la rg e - s c a le  slump fe a tu re s  have a lso  been 
observed . B all and p illo w  s t r u c tu r e s ,  which have been a t t r ib u te d  to  
quicksand c o n d itio n s , a re  o f te n  a s s o c ia te d  l a t e r a l l y  w ith  p a r a l l e l  bedded 
u n i t s .  Minor in d ic a t io n s  o f mud flow s a re  co n sid e rab ly  more common 
than  in  th e  Twofold Bay Form ation. Bottom i r r e g u l a r i t i e s  in  co arse  u n i t s  
o v e rly in g  red  mudstone a re  p re s e n t .  These s t ru c tu re s  have been a sc r ib e d  
to load  c a s tin g .
W ell-developed, i n f i l l e d  su b a e r ia l d e s ic c a tio n  c rack s  (mud c rack s) 
a re  p re se n t (F ie ld  pho tographs, Duw). Broken bedding, exposed in  
v e r t i c a l  se c tio n s  and a t t r ib u te d  to  mud c rack in g , i s  p re se rv ed  more o f te n . 
Graded bedding, p a r t i c u la r ly  o f  maximum g ra in  s iz e ,  i s  very  common.
Such g rad in g  ty p ic a l ly  v a r ie s  from conglom erate o r conglom eratic  sandstone 
to  medium and sometimes to  f in e  sandstone . G rading upwards in to  th e  
s i l t s to n e  range i s  very  r a r e .  S i l ts to n e  o r  mudstone u n i t s  o v e rly in g  
sandstone u n i t s  in  a  g iven  fin ing-upw ards cy c le  a re  alm ost always 
sep a ra ted  by a p la n a r  u n d u la tin g  o r i r r e g u la r  s t r a t ig r a p h ic  d is c o n t in u ity ,
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which i s  coupled w ith  a g ra in  s iz e  jump. Scour s t r u c tu r e s ,  sh a le  
fragm ents, and n e s ts  o f  sh a le  fragm ents a re  common throughout the  
sequence. U nits  w ith  p a r a l l e l  lam in a tio n  and sm a ll-sc a le  c ro s s ­
s t r a t i f i c a t i o n  occur a t  in t e r v a l s .  Festoon o r  tro u g h - l ik e  c ro s s ­
s t r a t i f i c a t i o n  on th e  s c a le  o f  a  few f e e t  l a t e r a l l y  i s  much le s s  common 
in  the  Worange P o in t th an  in  th e  Twofold Bay Form ation. The sedim entary 
s t ru c tu re s  observed a re  reco rded  s y s te m a tic a lly  in  Big. 10 and summarized 
in  F ig . 23.
Sedim entation u n i t s :
On th e  mesoscopic ou tcrop  s c a le  th e  sed im en ta tion  u n i t s  o f  the  
Worange P o in t Form ation a re  l a t e r a l l y  much more con tinuous than  in  th e  
Twofold Bay Form ation, a lthough  le n s in g  and wedging has been observed . 
Component d ire c t io n s  o f  th in n in g  o f  co arse  u n i t s  have been measured and 
a re  d iscu ssed  in  th e  nex t s e c t io n . On a  la r g e r  s c a le  (-  ^ m ile ) co n sid e rab le  
le n s in g  o f  major u n i t s  o ccu rs , a s  shown by th e  c o r r e la t io n  o f  th e  Worange 
P o in t s e c tio n s  JS4 , JS6, JS7, JS8 (F ig . 40)*
P a r t ly  exposed asymmetric sed im en ta tion  u n i t s  w ith  concave base 
and f l a t  top (F ie ld  photographs Duw), r e f e r r e d  to  a s  ch an n e ls , have been 
observed . The p a r t i a l  exposure o f  th e se  fe a tu re s  presum ably in d ic a te s  th a t  
th e i r  l a t e r a l  s c a le  u s u a lly  exceeds th e  ou tcrop  s c a le . The maximal 
th ic k n e ss  o f  tw elve o f  th e se  u n i t s ,  which i s  conceivab ly  r e la te d  to  
channel dep th , i s  reco rded  on F ig . 23* These "channel depth" e s tim a te s  
vary  from 7 to  25 f t .  and average 12 f t .
B ine-g ra ined , re d  stream  "flo o d "  d e p o s its , c o n s is t in g  o f  sandy 
s i l t  s to n es  and mudstones in  excess o f  10 f t .  th ic k , occur throughout the
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whole sequence bu t a re  l e a s t  freq u e n t in  th e  b a sa l 300 f t .  (ü lg . 10 ,23 ). 
Thin mudstone h o rizo n s  o f  le s s  than  5 f t . ,  r e f e r r e d  to  a s  "c lay  drapes" 
a re  much le s s  common in  the  Worange P o in t Form ation than  in  th e  Twofold 
Say Formation (F ig . 2 2 ,2 3 ). The sed im en ta tion  u n i t s  o f  th e  Worange 
P o in t Form ation group in to  ty p ic a l  fin ing-upw ards (A llen , 1965c) cy c le s  
o r cyclothem s (F ie ld  photographs Duw). The sequence a t  Worange P o in t 
c o n s is ts  o f  a minimum o f 16 w e ll-d e f in e d , co arse  cy c le s  (F ig . 10,
Column V II) p lu s  in te rb ed d ed  f in e -g ra in e d  "flo o d "  d e p o s its  which a re  
a s s o c ia te d  w ith  odd, l e s s  c y c lic  sandstone u n i t s  (JS4, u n i t  52-53;
71-73; JS8, u n i t  21;41—43)• The c y c le s , exclud ing  the  flo o d  d e p o s its , 
range in  th ic k n e ss  from 27 to  90 f t .  and average 50*8 f t .  (F ig . 23)« 
F requen tly  th e se  c y c le s  a re  fo llow ed by mudstones ran g in g  in  th ic k n e ss  
from 20 to  40 f t .  and av erag ing  27 f t .  A co arse  c y c le , p lu s  a mudstone 
u n i t ,  com prise a  com plete th inning-upw ards c y c le .
foivironment o f  d ep o sitio n  o f  th e  Woran/re P o in t Formation 
Choice o f  environm ental model:
Analogous to the a n a ly s is  o f  the Twofold Bay Formation, the s ix  
Visher models (F ig . 31>32,33>34>35) f a c i l i t a t e  the elim in ation  o f  the 
m ajority o f  certa in  environmental models or environmental trends, on the 
b a sis  o f  f i e ld  c h a r a c te r is t ic s .
The Worange P o in t Formation f i e l d  c h a r a c te r i s t i c s  may be summarized
as  fo llow s:
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(1) Grain size: coarse to fine, i.e. presence of grain size or fining-
upwards cycles (basal 24O ft. mostly sandstone, no true conglomerates 
other than shale fragment horizons and very little shale or mudstone).
(2) Sorting: variable, but generally toward poor sorting.
(3) Lithology: conglomerate, conglomeratic sandstone, sandstone, silt-
stone and sandy mudstone (no conglomerate in basal 300 ft. and very little 
shale and no siltstone in basal 24O ft.).
(4) Sedimentary structures: numerous types of subaqueous structures.
Subaerial structures present in upper 1000 ft.
(5) Geometry: rare lenticularity on outcrop scale, although wedging
is common. Lenticular on a scale of -J- mile in upper parts of section.
Three of the six Yisher models specify a grain size variation from 
coarse to fine, which could conceivably result in fining-upwards cycles:
Deltaic environment 
Transgressive marine environment 
Fluvial or valley fill environment.
The transgressive marine model is ruled out since the geometry of the 
Worange Point Formation sandstone bodies is not sheet-like (Fig. 34) on 
a scale of J  mile, and since large detrital micas are more typical of the 
fluvial and top-set deltaic environment (Van Andel & Curray, 1960,
P.348» Table i) than in the better sorted, high energy transgressive 
deposits. The deltaic model (Fig. 33)? if at all applicable, may be 
relevant to the basal 300 ft. v/here no conglomerates occur. Due to about 
9io interbedded conglomerates and the presence of conglomeratic sandstone
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throughout the  r e s t  o f  the  sequence, th e  f lu v i a l  o r v a lle y  f i l l  model 
i s  most prom ising .
I f  some p a r t  o f  the  b a sa l 300 f t .  re p re s e n ts  to p -s e t  d e l ta ic  
d e p o s its , i t  would have s im ila r  g ra in -s iz e - s e d im e n ta ry -s tru c tu re  cy c le s  
a s  f lu v ia l  d e p o s its  (F ig . 32,33)» and th u s  t h i s  d e l ta ic  a l t e r n a t iv e  i s  
n eg lec ted  fo r  the  tim e be in g , e s p e c ia l ly  s in ce  a  to p -s e t  d e l ta ic  d e p o sit 
re p re se n ts  th e  e q u iv a len t l a t e r a l  f a c ie s  o f  th e  f lu v i a l  environment in  
th e  seaward d i r e c t io n .  As in  th e  Twofold Bay Form ation, th e  Bernard &
Major ( 1963) a l lu v i a l  " sand" model i s  adopted in  o rd e r to  t e s t  the 
f lu v ia l  a l t e r n a t iv e  in  reg a rd  to  the  Vorange P o in t Form ation in  more d e t a i l .
The a l lu v i a l  "sand" model and the  Vo range P o in t Form ation: (JS4,JS6 to  JS8)
Bernard & M ajo r 's  ( 1963) raodel s p e c if ie s  d e f in i te  a s s o c ia t io n  o f  
sedim entary  s t ru c tu re s  w ith  th e  g iven  g ra in  s iz e  in  a  th inning-upw ards 
c y c le . As d iscu ssed  in  d e ta i l  under th e  Twofold Bay fo rm ation , F ig . 23 
has been p lo t te d  on th e  b a s is  o f  the  f i e ld  lo g  (F ig . 10), in  o rd e r to  
t e s t  the  degree o f  such an a s s o c ia t io n . This summary o f  f i e ld  o b se rv a t­
io n s  (F ig . 23) i s  designed  in  such a manner th a t  in  a  g iven  f in in g -  
upwards cy c le  bo th  the re p re s e n ta t io n s  o f  g ra in  s iz e  and a s so c ia te d  
sedim entary s t ru c tu re s  (Bouma, 1962, p p .12-17) w i l l  s lope  toward th e  
r i g h t ,  w hile  ascend ing  s t r a t ig r a p h ic a l ly  i f  the  a l lu v i a l  "sand" model i s  
a p p lic a b le . Thus, F ig . 23 conveys a s t a t i s t i c a l  c o r r e la t io n  measure 
o f  g ra in  s iz e  d ecrease  w ith  c e r ta in  sedim entary  s t r u c tu r e s .  The group 
o f  columns on the  l e f t  (FLg. 23) s p e c i f ie s  the  s t r a t ig r a p h ic  p o s i t io n  o f  
the  v e r t i c a l  p r o f i l e .  A group o f  columns on th e  r i g h t  (F ig . 23) compares
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th e  o b se rv a tio n a l d a ta  (g ra in  s iz e  v e rsu s  sedim entary  s t ru c tu re s )  and 
the  columns in  th e  c e n tre  summarize th e  environm ental in te r p r e ta t io n  on 
th e  b a s is  o f  t h i s  model. On th e  f a r  r i g h t  (F ig . 23) th e  co lo u r o f  the 
s t r a t a  i s  summarized on th e  b a s is  o f  th e  d e ta i le d  f i e l d  lo g  (F ig . 10).
This t e s t  o f the  s e le c te d  f lu v i a l  V isher model i s  q u ite  su cc e ss fu l 
(F ig . 23) and i t  i s  concluded th a t  th e  g re a t m a jo rity  o f  th e  Worange 
P o in t Form ation sequences a t  the  JS4, JS8 l o c a l i t i e s  re c o rd  the d e p o s its  
o f  an a l l u v i a l  p la in  environm ent. The w idth  o f  th e  meander b e l t  was 
p robab ly  g re a te r  than  J  m ile  (F ig . 40) s in ce  i t  may be expected th a t  
some U-shaped channel p r o f i l e s  should  be p re se rv ed  a t  r i v e r  c ro s s in g s .
The channel depth may have been o f  th e  o rd e r o f  12 f t .  The Worange P o in t 
Formation (JS4, JS8) com prises a  minimum o f  16 p o in t b a r type c y c le s , 
which a l t e r n a t e  w ith  7 to  8 m ajor flo o d  b a s in  d e p o s its  and a minimum o f  
8 to 9 d a y  d rapes. D ire c tly  o v e rly in g  o r u n d e rly in g  f in e -g ra in e d  flo o d  
d e p o s its  a re  fou r n o n -cy c lic  sandstone u n i t s  (JS4, u n i t s  52-53» 71—73* 
JS8, u n i t s  21, 41- 43), w ith  mega r ip p le  c h a r a c te r i s t i c s  and a tendency 
toward wedging o u t, which have been in te r p r e te d  as  s p i l l - o v e r  b a rs  
(B ernard & Major, 1956). No a ttem p t has been made to  d is t in g u is h  flo o d  
b asin  from n a tu ra l  lev ee  d e p o s its . The seem ingly c y c lic  occurrence o f  
g reen ish -g rey  sandstone u n i t s ,  p a r t i c u la r ly  in  th e  upper p a r t  (F ig . 23) 
i s  no t understood .
The B e llb ird  Creek -  Worange P o in t Form ation boundary (F ig . 23) 
i s  p laced  between u n i t  34 & 35» JS4» and- th e  ’‘t r a n s i t io n a l  p o in t b a r 
to n e a r-sh o re  channel” cy c le  (JS4, u n i t  33-34) has been d iscu ssed  
above under th e  B e l lb ird  Creek Form ation (see  a lso  Table 9)« The flo o d  
d e p o sits  a re  thought to  re p re se n t stream  flo o d s , r a th e r  th an  sh ee t
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flood  d ep osits  (B lissenbach , 1954)» although very minor u n its  o f  sheet 
flood  c h a r a c te r is t ic s  have been noted. Such u n its  are not present in  
the Twofold Bay Formation.
Dimensions o f  r i v e r  system;
The p o in t b a r  c y c le s  o f th e  Worange P o in t Formation y ie ld
fo llo w in g  average th ic k n e sse s  o f  the subzones:
P o in t bar c y c le s  -  
Worange P o in t Form ation Thickness
Small r ip p le  zone 10.8 f t .
H o rizo n ta l bedd ing  zone 12.0 f t .
G iant r ip p le  zone 19.2 f t .
P oorly  bedded g rav e l zone 8 .8  f t .
T o tal ........................................ 50.8 f t .
Average o f flood  b a s in s  ( in c lu d in g  n a tu ra l  le v ee ) -  27*2 f t .
(range: 2 to  40 f t . )
In  re c e n t sedim ents p o in t b a r c y c le s  have been observed from 10 to 
80 f t .  and Bernard & Major (1963 ) r e p o r t  an average th ic k n e ss  o f  55 f t .  
fo r  th e  p o in t b a r  c y c le s  o f  th e  Brazos R iv er, which re p re se n ts  the 
average maximum depth o f  th e  r iv e r  d u ring  flo o d  s ta g e s . A th ick n ess  o f  
55 ft*  compares w e ll w ith  th e  average o f  51 f t .  fo r  the  Worange P o in t 
Form ation. The w idth  o f  th e  Brazos R iver meander b e l t  and r e la te d  
d e p o s its  i s  about 1.5 m ile s , which may a lso  re p re se n t a good f ig u re  fo r  
th e  Worange P o in t Form ation. This has been shown to  be g re a te r  than 
J  m ile . (Compare Leopold, Wolman & M il le r ,  1964)*
In  the Brazos R iver abandoned channel f i l l s  range from a few f e e t  to
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approx im ately  40 f t . ,  which su g g ests  th a t  th e  above Vorange P o in t flood  
b a sin  d e p o s its  (average 27*2 f t . )  p robab ly  in c lu d e  numerous abandoned 
channel f i l l s .
S tr a t ig ra p h ic  evidence in d ic a te s  an average channel depth (Thalweg) 
o f  12 f t .  ( i l g .  23) .  According to  the  above f ig u re s ,  th i s  re p re se n ts  
th e  p o o rly  bedded b a sa l g rav e l zone p lu s  about 3 f t .  o f  the  g ia n t r ip p le  
zone and acco rd in g  to  the  Bernard & Major (1 9 5 0  model re p re s e n ts  normal 
low w ater s tag e .
The dim ensions o f  th e  Worange P o in t meandering r i v e r  system may thus 
be c h a ra c te r iz e d  a s  fo llow s i f  th ic k n e s s - lo s s ,  due to  com paction and 
l i t h i f i c a t i o n ,  i s  n e g lec te d :
___________ Worange P o in t Form ation r iv e r  system________________
Width o f  meander b e l t  .................................................................. 1*5 m iles
Normal low w ater s t a g e ......... ...................................................... 12 f t .
Normal h igh  w ater s tag e  .............................................................  28 f t .
Average flood  s ta g e  ......................................................................  40 ft*
Maximum depth o f  r iv e r  during  flood  s t a g e s .................... 51 f t .
Abandoned channel f i l l  and flo o d  b a s in s  ..........................  27 f t .
The p o s s ib i l i ty  o f  s u b a e r ia l ,  to p - s e t  d e l ta ic  beds a t  th e  b a se :
As mentioned p re v io u s ly , i t  i s  v i r t u a l l y  im p o ssib le , on th e  b a s is  
o f  sedim entary  s t r u c tu r e s  a lo n e , to  d is t in g u is h  in  v e r t i c a l  p r o f i l e  o th e r  
than  by th e  p resence  o f  conglom erates between Y is h e r 's  f lu v i a l  (F ig . 32) 
and to p -s e t  d e l ta ic  m odels (Y isher, 19^5, PP» 50-54) (Fig* 35)*
The absence o f  conglom erates in  the  b a sa l 300 f t .  o f  the  Worange 
P o in t Form ation (JS4> u n i t s  3 5 -6 0  in d ic a te s  th a t  th e  d e l ta ic  model must
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be considered  fo r  t h i s  b a sa l p o r t io n . In  a d d it io n , th e  conspicuous sh a le  
fragm ent o r  c la y  ch ip  h o rizons a re  r e s t r i c t e d  to  the  very  b a sa l 50 f t .
( JS4, u n i t s  35-48) and th ic k , f in e -g ra in e d  d e p o s its  occur only  a t  the 
top 40 f t .  o f  th e  b a sa l 300 f t .  o f  the Worange P o in t Form ation. The 
th in  sh a le  u n i t  44 (JS4 ) i s  o f  g re e n ish  co lo u r.
According to  th e se  c o n s id e ra tio n s  i t  i s  a d v isa b le  to  check o u t, in  
more d e t a i l ,  th e  a l t e r n a t iv e  d e l ta ic  model o f  V isher (1965) fo r  th e  
b a sa l 300 f t .  o f  th e  Worange P o in t Form ation, in  o rd e r to  form a more 
s o l id ly  based o p in io n  on how p ro b ab le  a  subaqueous to p - s e t  d e l ta ic  
environm ent may seem. Table 10 re p re se n ts  such an a l t e r n a t iv e  i n t e r ­
p re ta t io n  which, fi*om many p o in ts  o f  view, seems eq u a lly  v a l id .  Grain 
s iz e ,  sedim entary s t r u c tu r e s ,  c r o s s - s t r a t i f i c a t i o n  d i r e c t io n ,  and e s tim a te s  
o f  s o r t in g , a re  u t i l i z e d  in  t h i s  in te r p r e ta t io n .
There i s  b a s ic a l ly  n o t much d if fe re n c e  between a  su b a e r ia l  to p - s e t  
d e l ta ic  and a f lu v ia l  environm ent. However, th e  p o s s ib i l i t y  o f  such 
d e l ta ic  environment i s  taken to  in d ic a te  a  c o a s ta l  p la in , r a th e r  than  a 
v a lle y  f i l l  f lu v ia l  environm ent. This conclusion  i s  supported  somewhat 
by th e  fo llow ing  p o in ts  in  com parison to  th e  Twofold Bay Formation;
(1) G reater th ic k n e ss  Worange P o in t Form ation p o in t b a r c y c le s  th an  in  
Twofold Bay Form ation (Fig, 2 2 ,2 3 ).
(2) O v era ll sm aller g ra in  s iz e  in  Worange P o in t than  in  Twofold Bay 
Form ation (F ig . 8 ,9 ,1 0 ) ,  a s  expressed  in  term s o f  pe rcen tag e  pebble  
and g ranu le  conglom erate in te rb e d s  (T able 5)«
(3) Much more com plete development o f  upper f in e -g ra in e d  p o in t-b a r  
zones in  Worange P o in t Form ation (F ig . 22,23)*
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Table 10
D e ta iled  a l t e r n a t iv e  environm ental in te r p r e ta t io n  o f  b a sa l 
Worange P o in t Form ation
Basal Duw and 
t r a n s i t i o n  to  
Dub s e c tio n  and 




F lu v ia l
In te r p r e ta t io n
A lte rn a tiv e  to p -s e t  
d e l ta ic  i n te r p r e ta t io n  
V isher model ( 1965)
Duw JS8 , 6-70 920 F lu v ia l
Duw JS4, 62-75 173 F lu v ia l
Duw JS4, 61 20 F lu v ia l -  flo o d  
b a s in
Bay o r  lagoon
6CT 22 F lu v ia l-h o r iz o n ta l  
to  sm all r ip p le  zone 
o r  n a tu ra l  lev ee  
(wind a c tio n )
T op-set d e l ta ic  -  
lam inated  to  d is t r ib u ta ry  
c ro ss-b ed  (wind a c t io n )
59 68 F lu v ia l -  r ip p le  
zone
T op-set d e l ta ic  -  bed­
load  to  fe s to o n  x-bed
58 2 F lu v ia l  -  c la y  drape Bay o r lagoon
57 35 F lu v ia l -  g ia n t 
r ip p le  to  h o r iz o n ta l  
bedded zone
T op-set d e l ta ic  -  bed­
lo ad  to  fe s to o n  x -bed  
to  lam inated
56 3 F lu v ia l  -  h o r iz o n ta l  
bedded zone
T op-set d e l ta ic  -  
lam inated  zone
55 25 F lu v ia l  -  g ia n t 
r ip p le  zone
T op-set d e l ta ic  -  bed­
lo ad  to  fe s to o n  x -bed  
zone
54 5 F lu v ia l  -  c lay  drape 
o r flo o d  b a s in
Bay o r lagoon
53 25 F lu v ia l  -  g ia n t 
r ip p le  to  h o r iz o n ta l  
bedded zone
T op-set d e l ta ic  -  
fe s to o n  x-bed to  
lam inated
52 4 F lu v ia l  -  g ia n t 
r ip p le  (wind a c tio n )
T op-set d e l ta ic  -  
fe s to o n  x-bed  (wind 
a c tio n )
51 4 F lu v ia l -  h o r iz o n ta l  
to  sm all r ip p le  beds
T op-set d e l ta ic  -  
lam inated  to  d i s t r ib u ta r y  
r ip p le  x -bed
49-50 19 *F lu v ia l  g ia n t r ip p le T op-set d e l ta ic  -  
fe s to o n  x-bed
48 1 *F lu v ia l -  p o o rly  
bedded g rav e l
T op-set d e l ta ic  -  
bedload
47 7 *F lu v ia l  -  g ia n t 
r ip p l e  zone
T op-set d e l ta ic  -  
fe s to o n  x-bed
46 1 * F lu v ia l -  p oo rly  
bedded g rav e l
T op-set d e l ta ic  -  
bedload
45 9 * F lu v ia l -  g ia n t 
r ip p l e  zone
T op-set d e l ta ic  -  
fe s to o n  x-bed
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Table 10 (co n tinued )
B asal Duw and 
t r a n s i t io n  to  
Dub s e c tio n  and 




F lu v ia l
In te r p r e ta t io n
A lte rn a tiv e  to p -s e t  
d e l ta ic  in te r p r e ta t io n  
V isher model ( 196 5 )
Duw JS4, 44 1 * F lu v ia l -  clay- 
drape
Lagoon o r  marsh
43 6 * F lu v ia l -  g ia n t 
r ip p le  to  h o r iz o n ta l  
bedded zone
F lu v ia l
42 1 * F lu v ia l -  poorly- 
bedded g rav e l zone
F lu v ia l
4 0 -4 1 7 * F lu v ia l -  g ia n t 
r ip p le  to  h o r iz o n ta l  
bedded zone
F lu v ia l
39 6 * F lu v ia l -  g ia n t 
r ip p le  zone
F lu v ia l
36 4 * F lu v ia l -  poorly- 
bedded g rav e l zone
F lu v ia l
37 3 *FLuvial -  g ia n t 
r ip p le  zone to  
s p i l lo v e r  bar
F lu v ia l
36 3 * F lu v ia l -  g ia n t 
r ip p le  zone, mod­
i f i e d  by wind
F lu v ia l
35 1 * F lu v ia l -  poorly- 
bedded g rav e l zone
F lu v ia l
Dub JS4, 34 21 Dune sand reworked 
by minor c o a s ta l  
f lu v i a l  p rocess
Dune sand reworked by 
minor c o a s ta l  f lu v ia l  
p ro cess
Dub 55 9 Dune -  wind blown Dune -  wind blown
Dub 32 7 T id a l f l a t  -  marsh 
su b fa c ie s  o r lagpon
T idal f l a t  -  marsh 
su b fa c ie s  o r lagoon
Dub 51 ___11____ Lagoon Lagoon
* C onsiderable p o r tio n  o f  source m a te r ia l  was deriv ed  from dune sands
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(4 ' Much g re a te r  v a r i a b i l i t y  o f  c r o s s - s t r a t i f i c a t i o n  d ir e c t io n  (T able 11) 
even in  g iven  u n i t s ,  su ccess iv e  u n i t s  (F ig . 10), and su ccess iv e  
100 f t .  i n t e r v a l s  (F ig . 24)» in d ic a t in g  m ature m eandering r i v e r  
o s c i l l a t i n g  g e n e ra lly  between due e a s t  and due sou th .
by d e f in i t io n ,  i t  may be argued th a t  tem porary su b a e r ia l exposure 
o f  th e  g ia n t r ip p l e ,  h o r iz o n ta l  bedded and sm all r ip p le  zones o f  th e  
f lu v i a l  environm ent i s  more l ik e ly  and may occur more fre q u e n tly  than  in  
th e  e q u iv a len t zones o f  th e  subaqueous p a r t  o f  the  to p - s e t  d e l ta ic  
environm ent (fe s to o n  c ro ss-b e d , lam ina ted , d is t r ib u ta r y  r ip p le  c ro ss -b e d  
zone). Thus, m o d if ic a tio n  o f  th e se  aqueous d e p o s its  by an a e o lia n  agen t 
i s  more l ik e ly  in  th e  f lu v i a l  than  in  th e  subaqueous p a r t  o f th e  d e l ta ic  
environm ent. I t  i s  th e re fo re  in s t r u c t iv e  to  co n sid e r the  most p ro b ab le  
palaeow ind d i r e c t io n ,  a s  d iscu ssed  in  th e  fo llo w in g  c h ap te r under 
"A nalysis  o f  c r o s s - s t r a t i f i c a t i o n " .
In  the  b a sa l 300 f t .  o f  th e  Worange P o in t Form ation th e  p redom inan tly  
so u th e a s te r ly  and sometimes th e  e a s te r ly  c r o s s - s t r a t i f i c a t i o n  d i r e c t io n  
(F ig . 41 ,23 ,10) r e p re s e n ts  th e  sedim ent t ra n s p o r t  d ir e c t io n  o f  th e  meander 
b e l t  o r  th e  to p - s e t  d e l ta .  Palaeowind d ire c t io n  i s  thought to  be tow ard 
th e  n o rth  (se e  "P robab le  palaeow ind d i r e c t io n " ) .  The u n i t s  36 ,52 ,60  
(JS4, F ig . 10) have n o r th e r ly  c r o s s - s t r a t i f i c a t i o n  components, which may 
r e f l e c t  a e o lia n  o r ig in .  The fo llo w in g  c o n s id e ra tio n s  support t h i s  
argument:
(1) In  th ese  u n i t s  th e  n o r th e r ly  component occurs in  sandstones o r  
s i l t s to n e s  which a re  f a i r l y  w e ll s o r te d .
(2) The n o r th e r ly  components have c r o s s - s t r a t i f i c a t i o n  d ip s  ra n g in g  from
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20° to  36°. The so u th e a s te r ly  components have c r o s s - s t r a t i f i c a t i o n  
d ip s  ran g in g  from 4° to  30°» w ith  dip  modes a t  12*5° and 22 .5°.
( 3) In  sandstone u n i t s  36 and 52 th e  n o r th e r ly  components occur a t  th e  
very  top  o f  th e  u n i t s .  In  th e  s i I t s to n e - n a tu r a l  lev ee  u n i t  60 
th e  n o r th e r ly  component o ccu rs  in  th e  c e n tre .
The above c o n s id e ra tio n s  suggest th a t  th e  n o r th e r ly  c ro s s ­
s t r a t i f i c a t i o n  components in  th e  b a sa l 300 f t .  o f  th e  Worange P o in t 
Form ation a re  indeed  o f  a e o lia n  o r ig in .  Since a t  l e a s t  some o f  th e  u n i t s  
in  th e  b a sa l J>00 f t .  o f  th e  Worange P o in t ib rm ation  show some e f f e c ts  
o f  th e  palaeow ind d i r e c t io n ,  a  f lu v i a l  o r a s u b a e r ia l to p - s e t  d e l ta ic  
environm ental in te r p r e ta t io n  i s  p robab ly  more v a l id  fo r  th e se  b a sa l 
Worange P o in t Form ation u n i t s ,  a lth o u g h  the a l t e r n a t iv e  in te r p r e ta t io n  
(subaqueous to p -s e t  d e l ta ic )  cannot be ru le d  o u t e n t i r e ly .
Environm ental c o n c lu s io n s :
I t  i s  concluded th a t  th e  Worange P o in t Form ation a t  Eden reco rd s  
th e  d e p o s its  o f  a  com paratively  wide r i v e r  meander b e l t .  The meander 
b e l t  was s i tu a te d  on a  c o a s ta l  p la in  and i t s  w id th  was approxim ately  
1.5 m ile s . The p a laeo s lo p e  dipped g e n tly  toward the  so u th e a s t, w ith  a 
n o rth ea s t-so u th w es t c o a s t l in e  tre n d . Maximal channel depth  may have 
been around 25 f t . ,  w h ile  an average o f  12 f t .  seems in d ic a te d . The 
b a sa l 260 f t .  o r 20fo a re  in te r p r e te d  to  re p re se n t th e  su b a e r ia l to p - s e t  
beds o f  a  d e l ta .  The p resence  o f  th ic k ,  c o n tin e n ta l  f lo o d  b a s in  d e p o s its  
o f  27 f t .  average th ic k n e ss , many o f  which seem to  have been l a id  down 
as  one sed im en ta tion  u n i t ,  in d ic a te s  a t  l e a s t  p e r io d ic  s u b s ta n t ia l
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p r e c ip i ta t io n  and stream  flo o d s  which o r ig in a te d  in  th e  h ig h e r  ground 
toward th e  n o rth w est. Since f i e l d  work in  th e  p a s t  30 y e a rs  has been 
unab le  to  lo c a te  any fau n a l o r f l o r a l  rem ains from th e  Worange P o in t 
Pbrm ation, i t  i s  thought th a t  th i s  Upper Devonian c o a s ta l  p la in  lacked  
s u b s ta n t ia l  v e g e ta tio n  cover.
According to  p o in t b a r fin ing-upw ards c y c le s , the  dim ension o f  th e  
Worange P o in t m eandering r i v e r  system  may be c h a ra c te r iz e d  a s  fo llo w s, 
i f  th ic k n e ss  lo s s  due to  compaction and l i t h i f i c a t i o n  i s  n e g lec te d :
Width o f  meander b e l t  .....................................  1*5 m ile s
Normal low w ater s t a g e ......................................  12 f t .
Normal h igh  w ater s t a g e .................................... 28 f t .
Average flo o d  s tag e  ............................................  40 f t .
Maximum dep th  o f  r i v e r  d u rin g  flo o d
s tag e s  .............................................................. 31 i t .
Abandon^ channel f i l l  and flo o d  b a s in s  . 27 f t .
I t  may seem fa r - f e tc h e d  to  quote such s p e c if ic  f ig u re s  in  reg a rd  
to Devonian r i v e r  system s bu t the  s t a t i s t i c a l  s t r a t ig r a p h ic  d a ta , 
to g e th e r  w ith  th e  Bernard & Major ( 1963) a l lu v ia l  ’’sand model", r e a d i ly  
y ie ld s  t h i s  k ind  o f  in fo rm a tio n .
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ANALYSIS OF CROSS STRATIFICATION AND OTHER VECTORIAL DATA
(MERRIKBULA GROUP)
In tro d u c tio n
In  the  course  o f  f i e l d  work some 800 to  900 c r o s s - s t r a t i f i c a t i o n  
read in g s  were taken  (see  F ie ld  P ho tog raphs). A ll o f  them a re  c o rre c te d  
fo r th e  s t r u c tu r a l  d ip . In  th e  case o f  th e  B e llb ird  Creek Formation 
many o f  th ese  c r o s s - s t r a t i f i c a t i o n  read in g s  in c lu d e  r ip p le  marks from 
which th e  c u rre n t d i r e c t io n  could  be deduced. Of th e  t o t a l  re ad in g s  tak en , 
543 re p re s e n t  tru e  c u rre n t d ir e c t io n  read in g s  o f  which th e  exact s t r a t ­
ig ra p h ic  p o s i t io n  i s  known (F ig . 4»,24; F ig . 8 ,9 ,1 0 ,Column IV; Table 8 ,9 ) .  
The r e s t  re p re se n t re g io n a l re ad in g s  w ith in  th e  map a re a , which have been 
u t i l i z e d  fo r  c o r r e la t io n  and component re a d in g s . The l a t t e r  have n o t 
been c i te d  a t  a l l  s in c e  a  t o t a l  p lo t  o f  then  shows more o r  le s s  th e  same 
modes as th e  t ru e  re a d in g s .
D e ta iled  o b se rv a tio n s  were taken  o f  217 read in g s  w ith  reg a rd  to  
c r o s s - s t r a t i f i c a t i o n  d ip , l i th o lo g y , th ic k n e ss , type and shape o f  c ro s s ­
lam inae. Of the  t o t a l ,  about 9^ (48 re a d in g s) re p re se n t slumped c ro ss ­
s t r a t i f i c a t i o n .  The number o f  channel d ir e c t io n  measurements i s  25.
FLute c a s t  o r  groove c a s t - l i k e  fe a tu re s  (25 re a d in g s) have been taken , 
many o f  which, p a r t i c u la r ly  in  th e  B e llb ird  Creek Form ation, probab ly  
re p re se n t d rag  marks o r  r i l l  marks. Component d ir e c t io n s  o f  marked 
th in n in g  o f  co arse  e l a s t i c s  (28 re a d in g s)  were a lso  taken  and p lo t te d .
The s t r ik e  d ire c t io n  o f  o s c i l l a t i o n  r ip p le  marks from th e  B e llb ird  Creek 
Form ation a re  n o t p lo t te d  s e p a ra te ly , bu t they  have been used  in  th e  u n i t
by u n i t  environm ental in te r p r e ta t io n  (T able 8 & 9) and form p a r t  o f  th e  
d i r e c t io n a l  d a ta  under th e  head ing  ‘’C urrent d ir e c t io n  w ith  re fe re n c e  to  
p a lae o s lo p e “ .
C urren t d ire c t io n s  
Twofold Bay Formation ( f i g .  4 l ) i
On th e  b a s is  o f  206 re a d in g s , the  c u rre n t d ire c t io n  d u ring  Twofold 
Bay ib rm ation  tim e i s  g iven a s  flow ing  toward th e  n o r th . This lo c a l  
n o r th e r ly  d ipp ing  p a laeo s lo p e  i s  shown to  be r e s t r i c t e d  to  th e  L ochiel 
and Twofold Bay Form ations. In  term s o f  p re se n t d e ta i le d  s t r a t ig r a p h ic  
s e c tio n s  (JS14, JS1, JS2, JS12, JS15» JS3, JS8) t h i s  re p re se n ts  th e  b a sa l 
15fo o f  the  Devonian sedim ents (L o ch ie l -  Twofold Bay Pbrm ations: 450 f t . ;
B e llb ird  Creek -  Worange P o in t Form ations: 25OO f t . ) .  P o t te r  & Olson
(1954) found than  an u n d e rly in g  unconform ity  a lso  e x e rc ise d  a s tro n g  
c o n tro l on th e i r  b a sa l c ro ss-b ed d in g  d ire c t io n  in  t h e i r  s tudy .
B e llb ird  Creek Form ation (F ig . 4 1 ) s
On the b a s is  o f  234 read in g s  a more complex c u rre n t d ire c t io n  p a t te r n  
i s  in d ic a te d . Follow ing Tanner (1955» 1959)» th e  so u th ea s t flow ing 
c u rre n t d ire c t io n  i s  in te r p r e te d  to  re p re se n t th e  dow n-palaeoslope 
component, w hile  th e  so u th w es t-n o rth eas t tre n d  re p re s e n ts  a  l i t t o r a l  
tren d  p a r a l l e l  to  the  p a laeo s lo p e  and th e  a n c ie n t c o a s t l in e .  The n o r th e a s t  
l i t t o r a l  component i s  co n s id e rab ly  s tro n g e r .
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Worange P o in t Formation (F ig . 41)*
The c u rre n t d i r e c t io n  p a t te rn  o f  th e  Worange P o in t Form ation i s  
a  c o n tin u a tio n  o f  th e  B e llb ird  Creek Form ation dow n-palaeoslope component, 
b u t th e  l i t t o r a l  tre n d  o f  th e  B e llb ird  Creek Form ation i s  n o t p re s e n t. 
C urrent d ire c t io n  was toward the  so u th e a s t. A s o u th e a s te r ly  d ipp ing  
p a laeo s lo p e  during  B e l lb ird  Creek and Worange P o in t Form ation tim e i s  
s tro n g ly  supported  by 48 slumped c r o s s - s t r a t i f i c a t i o n  read in g s  in  th e  
same d ire c t io n  (F ig . 45j)*
Probable palaeowind direction (Merrimbula Group):
U nit 33» JS4, has been id e n t i f i e d  by g ranu lom etric  th in  se c tio n  
a n a ly s is  (see  Thin s e c tio n  s iz e  a n a ly s is )  a s  a  dune d e p o s it o f  ex cep tio n ­
a l l y  good s o r t in g  throughout (se e  a lso  F ie ld  P ho tographs).
The c r o s s - s t r a t i f i c a t i o n  d i r e c t io n  o f  th i s  u n i t  33» JS4, i s  toward 
the  n o rth , w ith  a  range o f  dip  ang le  o f  15 -  25°•
The fo llow ing  c r i t e r i a  in d ic a te  th a t  th e  palaeow ind d ire c t io n  du rin g  
the  d e p o s itio n  o f  much o f  th e  M errimbula Group sedim ents may have been 
in  a  g e n e ra lly  n o r th e r ly  d ire c t io n :
( 1) Between cum ulative fo o tage  200 -  600 f t .  (F ig . 24) e i th e r  a m ajor
o r m inor n o r th e r ly  c r o s s - s t r a t i f i c a t i o n  mode i s  p re s e n t .  The
t r a n s i t io n a l  boundary between th e  c o n tin e n ta l  Twofold Bay Form ation
lower
and th e  l i t t o r a l  to  very  shallow  w ater m a rin e /B e llb ird  Creek 
Form ation i s  p laced  a t  25O f t .  Under th e se  t r a n s i t io n a l  environm ental 
co n d itio n s  th e  p resen ce  o f  a  n o r th e r ly  c ro ss-b ed d in g  d ire c t io n  
r e f le c t in g  th e  palaeow ind d i r e c t io n  may be expected . However, th e
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p a laeo s lo p e  o f  th e  Twofold Bay Formation i s  a lso  toward th e  n o r th .
( 2 ) Between cum ulative foo tage  1300 -  1600 f t .  (F ig . 24) e i th e r  a m ajor 
o r minor n o r th e r ly  c r o s s - s t r a t i f i c a t i o n  mode i s  p re s e n t. The 
,,paraconform able,, boundary between the  predom inantly  t i d a l  f l a t ,  
tipper B e llb ird  Creek Form ation and th e  c o n tin e n ta l  o r  to p - s e t  
s u b a e r ia l  d e l ta ic  Worange P o in t Formation i s  p laced  a t  about 1500 f t .  
Under th e se  t r a n s i t io n a l  environm ental c o n d itio n s  th e  p resence  o f  
a  n o r th e r ly  c ro ss-b ed d in g  d i r e c t io n  r e f l e c t in g  th e  palaeow ind 
d ire c t io n  may be expected .
( 5 ) The predom inan tly  very  shallow  to  shallow  w ater m arine B e l lb ird  Creek 
Form ation d isp la y s  two c u rre n t modes which a re  180° removed from 
each o th e r  (F ig . 41)• These modes a re  in te r p r e te d  a s  a l i t t o r a l  
c u rre n t tren d  p a r a l l e l  to  th e  so u th w est-n o rth eas t p a la e o -s h o re lin e .
The n o r th e a s te r ly  d ire c t io n  i s  much more s tro n g ly  developed (F ig . 41)> 
which could  be expected  i f  th e  l i t t o r a l  c u r re n ts  a re  p a r t ly  wind 
d riv en  and d e f le c te d  p a r a l l e l  to  th e  c o a s t l in e .  The sou th w este rly  
component i s  o n ly  p re se n t in  th e  m iddle B e llb ird  Creek Form ation 
(F ig . 24, c r o s s - s t r a t i f i c a t i o n  r o s e t t e s ) ,  which i s  thought to re p re se n t 
maximal t r a n s g re s s io n . These s t r a t a  a re  in te rp re te d  a s  subaqueous 
d e l ta ic  c o n s tru c tiv e  d e p o s its  re p re se n tin g  th e  bottom and f o r e - s e t  
beds o f  a  la rg e  m arine d e l ta  (Table 8 ) .  Thus, t h i s  " c o u n te r-ae o lia n "  
l i t t o r a l  c u rre n t took p la c e  a t  maximal B e l lb ird  Creek w ater dep th .
Under th e se  c o n d itio n s  le s s  chance o f  s u b a e r ia l exposure and minimum 
palaeow ind d i r e c t io n  e f f e c t s  can be expected .
(4) A d e ta i le d  a n a ly s is  o f  th e  c r o s s - s t r a t i f i c a t i o n  read in g s  ( t o t a l  543) 
o f  th e  M errimbula Group shows th a t  on ly  th e  n o r th e r ly  azim uthal mode
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i s  a s s o c ia te d  w ith  32.5° d ip  mode, which in  sandstone i s  la rg e - s c a le .  
Pebble conglom erates and conglom eratic  sandstones a lso  show a 
n o r th e r ly  c r o s s - s t r a t i f i c a t i o n  d ir e c t io n  in  th e  b a sa l 200 f t .  o f  the  
Twofold Bay Form ation (F ig . 24 ), bu t have dip modes from 12.5° to  
22 . 5°.
I t  i s  concluded th a t  bo th  th e  lo c a l  p a laeo s lo p e  d u rin g  th e  Twofold 
Bay Form ation (200 f t . )  and th e  palaeow ind d ire c t io n  d u rin g  th e  d e p o s itio n  
o f  the  e n t i r e  M errimbula Group (some 2700 f t . )  was toward th e  n o rth .
C onclusions in  reg a rd  to  changing p a la e o c u rre n ts ;
The changing fo rm atio n a l c u rre n t d ir e c t io n  p a t te rn  d u rin g  th e  
d e p o s itio n  o f  th e  M errimbula Group i s  v e r i f i e d  by 28 c r o s s - s t r a t i f i c a t i o n  
r o s e t te s  p lo t te d  every  one hundred fe e t  fo r  i t s  measured th ic k n e ss  o f  
2700 f t .  (F ig . 24). The 28 r o s e t te s  in c o rp o ra te  over 1000 t ru e  re a d in g s , 
s in ce  a  5 O/0 s t r a t ig r a p h ic  ov erlap  i s  employed. C urrent d ire c t io n  and 
p a laeo s lo p e  d a ta  i s  d iscu ssed  and u t i l i z e d  in  d e ta i l  in  the  course  o f  
t h i s  e n t i r e  environm ental argum ent.
D e ta iled  q u a l i t a t iv e  a n a ly s is  o f  c r o s s - s t r a t i f i c a t i o n  
Method and p r e s e n ta t io n :
In o rd e r to  d e r iv e  environm ental c lu e s  from c r o s s - s t r a t i f i c a t i o n  
d a ta , d e ta i le d  o b se rv a tio n s  and measurements were made in  th e  case  o f  217 
tru e  read in g s  w herever p r a c t i c a l .  A ll d e s c r ip t iv e  term s o f  c ro ss ­
s t r a t i f i c a t i o n  used  h e re in  fo llow  the  d e f in i t io n s  o f  McKee & Weir (1953) •
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A ll observed p rop erties  are e ith er  presented in  terms o f  current 
d irectio n  r o se tte s  or modal histogram s. The major a n a ly tic a l r e s u lt s  are 
summarized in  ta b le s , and standard d ev ia tion s have been ca lcu la ted  for  
vector  sums, azimuthal modes, dip averages, and other p ro p erties .
Since F ig . 41 and 24, discussed  above, c le a r ly  e s ta b lish  the ex isten ce  
o f  the various s tra tig ra p h ic  modes, the v e c to r ia l data r o se tte s  (F ig . 42, 
45 ) are not s p l i t  in to  equal o c ta n ts , but are chosen as shown in  F ig . 42 . 
The ten segments are chosen to assure maximal separation o f  the Twofold 
Bay and l i t t o r a l  B ellb ird  Creek Formation modes.
In  g e n e ra l, an a ttem p t i s  made to  analyze  the  d a ta  by s t r a t ig r a p h ic  
p o s i t io n ,  a s  given by th e  cum ulative foo tage  o f  th e  M errimbula Group 
(F ig . 24)* This a n a ly s is  i s  th u s  thought to  be independent o f  fo rm atio n a l 
nom enclature, which i s  based p r im a ri ly  on the  co lo u r o f  mudstones and 
sh a le s .
The v e c to r sum o f  th e  217 t ru e  read in g s  g iv e s  a  r e s u l ta n t  o f  N.860 , 
w ith  s tan d a rd  d e v ia tio n  o f  64 .4° (Table 11 , F ig . 4 2 ). This r a th e r  la rg e  
s tan d a rd  d e v ia tio n  in d ic a te s  a  c o n ce n tra tio n  o f  re a d in g s  w ith in  an a rc  
o f  I3O0 , and i s  u s e fu l  on ly  in  o b ta in in g  a minimum arrow (Tanner, 1955) 
p o in tin g  roughly  w est. The th re e  m ajor azim uthal modes, d e sig n a ted  1 ,
2 and 3 (F ig . 42) a re  c le a r ly  sep a ra te d . A mode re p re s e n ts  a d i s t i n c t  
and s ig n if ic a n t  c o n ce n tra tio n  o f  c u rre n t d ire c t io n s  w ith in  th e  t o t a l  
p o p u la tio n . The in te rm odal segments B and E (FLg. 42) o f  15 d eg rees , a re  
w e ll-d e f in e d  minima. With th e  given d a ta , th e se  minima would te n d  to  be 
le s s  w e ll-d e fin e d  a t  o th e r  a r b i t r a r i l y  chosen segm ents, and a c le a r  modal 
s e p a ra tio n  would be more d i f f i c u l t .  The s tan d a rd  d e v ia tio n s  o f  th e  modal 
v e c to r  sums a re  1/3 to  1/6 o f  th e  s tan d a rd  d e v ia tio n  o f  th e  t o t a l  v e c to r
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stun (F ig . 42, Table 11), which tends to  v e r ify  th e  e x is ten c e  o f  d i s t in c t  
modes. I t  can a lso  be n o ted  (F ig . 42) th a t  th e  s tan d a rd  d e v ia tio n  o f  
th e  t o t a l  v e c to r  sum does n o t in c lu d e  th e  prom inent maximum o f  segment A 
(mode 1 ), due to  th e  la rg e  number o f  read in g s  in  th e  so u th eas t q uad ran t.
Azimuthal modal a n a ly s i s :
C riter ia  o f  modal sep aration : Tanner (1955> 1959) has pointed out
the importance o f  azimuthal modal a n a ly s is , and the fo llow in g  c r it e r ia  
are here employed in  order to determine whether any p a r ticu la r  prop erties  
are a sso c ia ted  w ith the three azimuthal modes:
S tra t ig ra p h ic  p o s i t io n  
L itho logy  o f  c r o s s - s t r a ta  
Hype o f  c r o s s - s t r a t i f i c a t i o n  
Slumped c ro ss - la m in a tio n s  
Channel d ir e c t io n s
D ire c tio n s  o f  th in n in g  o f  co arse  e l a s t i c s
O ther v e c to r ia l  sedim entary  s t ru c tu re s
Dip o f  c r o s s - s t r a t a  i s  d e a l t  w ith  s e p a ra te ly .
S tra t ig ra p h ic  p o s i t io n  (F ig . 45 a to  e ) :  In  the  s t r a t ig r a p h ic
in te r v a l  from 0 to  150 f t . ,  mode 1 i s  c le a r ly  predom inant (F ig . 45 a).
From 50 -  350 f t . ,  mode 1 and mode 2 a re  re p re se n te d  (F ig . 45b), bu t th e  
in te r v a l  i s  a lso  c h a ra c te r iz e d  by c o n sid e ra b le  s c a t t e r .  The in te rv a l  
from 1200 to  1500 f t .  i s  c h a ra c te r iz e d  by mode 3, w ith  a  weak com plim entaiy 
maximum 180° removed from i t  (F ig . 4 5 c ). In  th e  o v e rly in g  1500 to  1630 f t . ,  
which c o n s is ts  alm ost e x c lu s iv e ly  o f  m edium -grained sandstone , mode 3 i s
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Table 11
Aqueous C r o s s - s t r a t i f i c a t i o n
T o ta l* Mode 1*
A zim uthal 
Mode 2 Mode 3
C u rre n t D ire c t io n :  
V ecto r sum N.86°E N.359°E N.61°E N .133°E
S tan d a rd  d e v ia t io n 6 4 . 40 10 . 1° 23 .3° 17 .8
Dip modes bim odal unim odal bim odal bim odal
A verage a n g le  o f  d ip 17 . 8° 17 . 4° 16 .3° 18 . 50
S tan d a rd  d e v ia t io n  o f  d ip 8 .3 ° 7 .6 ° 7 .4 ° 8 .9 °
L ith o lo g y :
C onglom erate 3 6 / 49/ 6376 14/
Dip modes bim odal bim odal polym odal unim odal
Sandstone 577» 37/ 29 Io 8 3 /
Dip modes unim odal unim odal unim odal bim odal
Sandy s h a le s 7/. W Q°/o 3/
Type:
Sim ple: 48/« 49/ 4  2/ 52/
Dip modes polym odal unim odal bim odal bim odal
(s im p le , slumped) (9/») - m ( 17/ )
P la n a r : 4 1 / 4 0 / 41/ 40/
Dip modes bim odal unim odal b im odal bim odal
Trough: 11 io 11 io 17/ &fo
Dip modes tr im o d a l - unim odal -
T h ick n ess:
1-12 in c h e s  ( s m a l l - s c a le ) 5<y» 56/ 3 8 /
Dip modes unim odal unim odal bim odal bim odal
1-15  f t .  ( l a r g e - s c a le ) 50/ 34/ 44/ 62/0
Dip modes bim odal unim odal bim odal polym odal
* A h ig h  a n g le  (3 2 .5 ° )  d ip  mode i s  n o t in c lu d e d  h e re  
i s  th o u g h t to  r e p r e s e n t  an a e o l ia n  com ponent.
T h is  d ip  mode
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emphasized and mode 1 re o ccu rs  (F ig . 45d). The top  in te r v a l  from 163O 
to  2000 f t .  i s  dominated by mode 3 > which ta p e r s  o f f  in to  th e  m argin o f  
mode 2 w ithou t a  modal se p a ra tio n  (F ig . 45e )*
In  g e n e ra l, mode 1 i s  p re se n t from 0 to  1630 f t . ,  b u t i s  most 
s tro n g ly  developed in  the  b a sa l 350 f t .  (F ig . 45 a , b , c , d ) .  Mode 2 i s
' - C
p re s e n t ,  a t  l e a s t  to  some e x te n t , from “JO  to  1630 f t . ,  bu t i s  i s  v e ry  
s tro n g  in  th e  in te r v a l  'JO -  350 f t .  (F ig . 45^)» Mode 3 becomes p ro ­
g re s s iv e ly  s tro n g e r  ascend ing  s t r a t ig r a p h ic a l ly  from 1200 to  2000 f t .
(F ig . 45 c , d , e ) .  These co n c lu sio n s  a re  in  g en era l agreement w ith  th e  
fo rm atio n a l az im uthal modes (F ig . 41 ) and th e  28 r o s e t t e s  shown in  100 f t .  
in te r v a ls  (F ig . 24) .
L itho logy  o f  c r o s s - s t r a t a : A ro se  diagram o f  c ross-bedded  conglom erates
shows c le a r ly  mode 1 and mode 2, w h ile  mode 3 i s  on ly  j u s t  d is t in g u is h a b le  
from th e  g en e ra l s c a t t e r  (F ig . 45f)» An e q u iv a len t p lo t  fo r  sandstones 
re v e a ls  th e  predom inance o f  mode 3» w ith  modes 1 and 2 be ing  c le a r ly  
d e fin ed , bu t su b s id ia ry  (F ig . 45g)*
T h ir ty - s ix  p e rc e n t o f  th e  c r o s s - s t r a t a  c o n s is t  o f  conglom erate,
57^ o f  sandstone , and 7^ o f  sandy s h a le . However, th e  modes d e v ia te  from 
th e se  p e rcen tag es  co n sid e rab ly  (T able 11),  and may be r e f e r r e d  to  a s  
fo llow s:
Environm ental
_________________________________________________ I n te r p r e ta t io n ______________
N orth Mode 1 conglom erate mode -  a l lu v ia l  fan  and a e o lia n
sandstone mode mode
N ortheast & Mode 2 g ra n u la r  conglom erate l i t t o r a l  mode
southw est mode
S outheast Mode 3 sandstone mode, su b sid - c o a s ta l  p la in  -  m eandering 
ia ry  conglom erate mode r i v e r  mode
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These co n c lu sio n s  a re  in  good agreem ent w ith  th e  environm ental 
in te r p r e ta t io n  based on o th e r  c r i t e r i a .
Type and th ic k n e ss  o f  c r o s s - s t r a t a : An a n a ly s is  o f  th e  type o f
c r o s s - s t r a t i f i c a t i o n  d isp la y s  com paratively  l i t t l e  v a r ia t io n  (T able 11
6 F ig . 43/4  to  43/ 8 ) .  A pproxim ately h a l f  o f  th e  t o t a l  d a ta  c o n s is ts
o f  sim ple c ro ss-b ed d in g . This a lso  ho lds t ru e  fo r  modes 1 and 3» F o rty  
p e rc en t o f  th e  t o t a l  d a ta  and o f  a l l  th re e  modes a re  c la s s e d  under th e  
p la n a r  ty p e . Mode 2 shows a  10$ decrease  o f  sim ple c ro ss-b ed d in g  and 
an in c re a se  o f  th e  tro u g h  ty p e . O n e -th ird  o f  th e  sim ple c ro s s ­
s t r a t i f i c a t i o n  o f mode 3 i s  a s s o c ia te d  w ith  slumping.
Bouma ( 1962) u ses  a  th r e e - fo ld  s c a le ;  2 inch  to  1 f t . ,  1 - 2 0  f t . ,  
g r e a te r  than  20 f t .  ( re c o n s tru c te d  h e ig h t)  (F ig . 1p)* In  th i s  sequence
7 f t .  i s  th e  maximum th ic k n e ss  o f  a s in g le  s e t  observed  in  th e  f i e l d .
The average th ic k n e ss  p e r fo rm ation  i s  d iscu ssed  under th e  fo n n a tio n a l 
f i e l d  d a ta .
Follow ing Bouma, d i s t in c t io n  was made between two c la s s e s  o f  
th ic k n e s s , namely, 1 to  12 in ch es  and 1 f t .  to  10 f t . ,  h e re in  r e f e r r e d  
to as sm a ll-sc a le  and la rg e - s c a le  r e s p e c t iv e ly .  W ith re fe re n c e  to  McKee 
& W eir’s (1953) c l a s s i f i c a t i o n  o f  th e  le n g th  o f c r o s s - s t r a t a ,  th e  la rg e -  
s c a le  type may be thought o f  a s  average 20 f t . ,  w hile  the  sm a ll-sc a le  
type does n o t exceed 3 f t .  The t o t a l  d a ta  s p l i t  evenly  between la rg e  
and sm a ll-sc a le  c r o s s - s t r a t i f i e d  s e t s .  Mode 1 c o n s is ts  o f  tw o -th ird s  
s m a ll-s c a le , and mode 3 o f  n e a r ly  tw o -th ird s  la rg e - s c a le  c r o s s - s t r a t i f i e d  
s e t s ,  w hile in  mode 2 th e  sm a ll-sc a le  type  predom inates s l ig h t ly  
(T able 11).
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The predominance o f  th e  sm a ll-s c a le  type o f  mode 1 i s  in  agreement 
w ith  th e  b ra id ed  r i v e r  environm ent o f  th e  Twofold Bay Form ation. The 
predominance o f  th e  la r g e - s c a le  type o f  mode 3 i s  exp lained  by the  
w ell-developed  p o in t-b a r  g ia n t r ip p le  zone in  th e  Worange P o in t Form ation. 
The same type o f  c r o s s - s t r a t a  in  th e  B e llb ird  Creek Form ation re p re se n ts  
Van S tr a a te n ’s ( 1961) mega r ip p le s  in  th e  t i d a l  channels .
Slumped c ro s s - la m in a tio n s : Mode 3 i s  a lso  c h a ra c te r iz e d  by
penecontemporaneous g ra v ity - in d u c e d  i n s t a b i l i t y  s t r u c tu r e s .  Slumped 
c ro s s - la m in a tio n s , which in v a r ia b ly  occur toward th e  top o f  th ic k  s e ts  
o f  c r o s s - s t r a ta ,  d isp la y  th e  same d i r e c t io n a l  sense a s  mode 3 (F ig . 45 j)»  
S im ila r to  mode 3> th e se  slump s t ru c tu re s  a re  r e s t r i c t e d  to  th e  
s t r a t ig r a p h ic  in te r v a l  from 1200 to  2000 f t .
This p lo t  confirm s th e  p a laeo s lo p e  deductions in  reg a rd  to  th e  
B e l lb ird  Creek and Worange P o in t Form ations.
Azimuthal d i s t r ib u t io n  o f  c r o s s - s t r a t i f i c a t i o n  p r o p e r t ie s : This
se c tio n  a ttem p ts  to i s o l a t e  sy stem atic  changes in  c r o s s - s t r a t i f i c a t i o n  
p ro p e r t ie s  a s  a fu n c tio n  o f  c u rre n t d i r e c t io n ,  in  o rd e r to  r e l a t e  
s ig n if ic a n t  v a r ia t io n s  to  th e  th re e  m ajor modes. The c u rre n t d ire c t io n s  
a re  grouped in to  10 segm ents, A to  J  o f  th e  compass d i a l ,  a s  shown on 
the ro se  diagram ( f i g .  42) .  F ig . 44a shows th e  t o t a l  frequency 
d is t r ib u t io n  fo r  th e  purpose o f  id e n t i fy in g  th e  th re e  m ajor modes on 
t h i s  re p re s e n ta t io n , f i g .  44 c to  h r e p re s e n ts  c o rre c te d  frequency 
d is t r ib u t io n  h istog ram s o f  th e  v a rio u s  p ro p e r t ie s  where th e  frequency 
p e r segment i s  exp ressed  in  terras o f  th e  p o p u la tio n  o f each segment, in  
o rd e r to  f a c i l i t a t e  q u a n t i ta t iv e  com parison. For each p ro p e rty  a  mean
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and a s tan d ard  d e v ia tio n  has been c a lc u la te d  ( f i g .  44)« Any frequency 
which i s  removed from th e  mean by more than  one s tan d ard  d e v ia tio n  i s  
co n sid ered  to  be s ig n i f ic a n t  fo r  th e  g iven  segment and i s  l i s t e d  in  
•fable 12.
In  J ig .  44b th e  v e r t i c a l  sca le  d e s ig n a te s  th e  average d ip  p e r 
segment. As in d ic a te d  by th e  a r i th m e tic  d ip averages g iven  in  J ig .  45 
and Table 11, the  a p p l i c a b i l i ty  o f  th e  average dip i s  l im ite d , and a 
d ip  modal a n a ly s is  i s  f a r  su p e r io r  (se e  fo llow ing  c h a p te r ) . The average 
d ip  o f  a l l  re ad in g s  i s  17-8° (T able 11), w ith  a s tan d ard  d e v ia tio n  o f 
8 .3 ° . In  s e p a ra tin g  th e  modes, th e  s tan d a rd  d e v ia tio n  fo r  modes 1 and 2 
i s  s l ig h t ly  reduced  (T able 11) ,  b u t i s  in c re a se d  fo r  th e  very  pronounced 
mode 3.
In  g e n e ra l, th e  d ip  o f  modes 1 and 3 a re  c lo se  to  th e  o v e ra l l  dip 
o f  17*8° and mode 2 i s  s l ig h t ly  below i t  w ith  16 .3 °- However, the  
in term odal minima and th e  w estern  minimum a re  c h a ra c te r iz e d  by s te e p e r , 
average d ip s  o f  21° to  22°. The r a th e r  complex r e la t io n s h ip  o f  th e  
an g le  o f  d ip  and o th e r  c r o s s - s t r a t i f i c a t i o n  p ro p e r t ie s  i s  d e a l t  w ith  in  
th e  dip  modal a n a ly s is .
The dip averages o f  17*4° and 18.5° o f  modes 1 and 2 re p re se n t the  
average f lu v ia l  d ip s  o f  th e  Twofold Bay and Worange P o in t Form ations.
Ihe h igh  averages o f  21 -  22° o f  th e  in te rm odal segments a re  not under­
sto o d , bu t may re p re se n t s p i l lo v e r  b a rs .
For the  l i t t o r a l  environm ent o f th e  B e l lb ird  Creek Form ation th e  
average lower dip o f  16.3° o f  mode 2 i s  r a th e r  h ig h . However, mode 2 
i s  a lso  th e  on ly  ax im uthal mode w ith  a  dip  mode o f  7*5° and th e  g en era l 
h igh  average i s  due to  a  la rg e  number o f  read in g s  from mega r ip p le s
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Table 12
A zim uthal D is tr ib u tio n  o f  C r o s s - S tr a t i f i c a t io n  P ro p e rtie s*
( S t a t i s t i c a l l y  prom inent a s s o c ia t io n s  which g e n e t ic a l ly  a re  not
n e c e s s a r i ly  m eaningful)
Average Dip
In term odal segment B h igh  dip 21.0° stan d a rd d e v ia tio n 10.0°
In term odal segment E high  dip 20.7° stan d ard d e v ia tio n 8 .0 °
Modal segment D low dip 14-6° stan d ard d e v ia tio n 6 .8°
Minima segment I h igh  d ip 22.2° stan d ard d e v ia tio n 9 .2 °
Complimentary modal 
segment J** low dip 12.0° stan d ard d e v ia tio n 9 .0 °
L itho logy
Modal segment C 
Modal segments P & G 






h igh  in  conglom erate, low in  sandstone 
low in  conglom erate, h ig h  in  sandstone
low in  sandy sh a le
h ig h  in  sandy s h a le , low in  conglom erate 
h igh  in  sandy sh a le
Ofrpe
Modal segment D high  in  trough  type
Modal segment G h ig h  in  slump s tru c tu re s
In term odal segments B
and E high  in  p la n a r  type
Minima segment I h ig h  in  sim ple and low in  p la n a r  type
Complimentary modal
segment H** low in  sim ple type and h i^ i  in  slump structures
Complimentary modal
segment J** high  in  sim ple and low in  p la n a r  type
Thickness
In term odal segment E low in  sm a ll-s c a le , h ig h  in  la rg e - s c a le
Complimentary modal
segment J** h ig h  in  s m a ll-s c a le , low in  la rg e - s c a le
* Only s ig n i f ic a n t  v a r ia t io n s ,  a s  d e fin ed  i n  t e x t ,  a re  l i s t e d .
** Complimentary modal segments in c lu d e , in  p a r t ,  re ad in g s  180° removed 
from th e  m ajor mode and , in  p a r t ,  s c a t t e r  re a d in g s  from th e  a d jo in in g  
mode.
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which a re  thought to  re p re se n t t i d a l  channels p a r a l l e l  to  the  p a laeo - 
c o a s t . In  reg a rd  to  th e  o th e r  p r o p e r t ie s ,  an a ttem p t i s  made (T able 13) 
to  o f f e r  some p o s s ib le  ex p lan a tio n  o f  th e  more im p o rtan t, s ig n if ic a n t  
v a r ia t io n s  from segment to  segment.
O ther d i r e c t io n a l  sedim entary  s t r u c tu r e s :
Channel d i r e c t io n s : The d ire c t io n s  o f  channels (F ie ld  photographs)
a re  p lo t te d  on F ig . 45k> and the  maxima show a good c o r r e la t io n  w ith  
th e  re s p e c tiv e  o r ie n ta t io n s  o f  modes 1, 2 and 3* These channel d ire c t io n s  
have been in fe r r e d  from th e  e lo n g a tio n  o f  co arse  c l a s t i c  b o d ie s, as 
observed on one o u tc ro p . Channels o f  co arse  e l a s t i c s  a re  o f te n  embedded 
in o th e r  co arse  c l a s t i c  u n i t s  and can be d is tin g u ish e d  on ly  by scour and 
e ro s io n a l su rfa ce s  a t  th e  base and f la n k s . The u n id ir e c t io n a l  sense 
o f  th e se  channels has been tak en  from th e  predom inant c ro ss-b ed d in g  
d ire c t io n  which th ey  c o n ta in .
Mode 1 re p re s e n ts  sm alle r b ra id ed  r i v e r  channels o f  th e  Twofold 
Bay Ih rm ation; Mode 2 r e f l e c t s  l i t t o r a l  type t i d a l  channels o f  th e  
B e llb ird  Creek Form ation; w h ile  th e  much w ider and m eandering channels 
o f  th e  Worange P o in t Pbrm ation a re  p o o rly  re p re se n te d , due to outcrop  
l im i ta t io n s .
D ire c tio n  o f  th in n in g  o f  co arse  e l a s t i c s : To a la rg e  e x ten t th e se
d ire c t io n s  o f  th in n in g  a re  determ ined by th e  tre n d  o f  th e  o u tc ro p .
However, i t  was f e l t  th a t  even a sm all number o f  read in g s  might p o s s ib ly  
d is c lo se  some sy stem a tic  p a t te r n .  The number o f  re a d in g s  i s ,  o f  co u rse , 
r e s t r i c t e d  by th e  s c a le  o f  th e  o u tc ro p , and a l l  d ir e c t io n s  o f  th in n in g
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p lo t te d  on F ig . 45 i  have been observed  on an exposed l a t e r a l  range 
from 50 to  500 f t .  The r a t e  o f  th in n in g  v a r ie s  w idely . The th re e  m ajor 
modes may perhaps be reco gn ized  on F ig . 45 i .  G enerally  i t  shows 
predom inant th in n in g  in  a n o r th e r ly  and so u th e r ly  d i r e c t io n .  A few 
re a d in g s  have been taken  in  th e  n o r th e a s t  to  so u th eas t q u ad ran ts , and 
v i r t u a l ly  none in  th e  w estern  segm ents. The minimum in  th e  w estern  
segment i s  thought to  re p re se n t th e  average source d ire c t io n  fo r  th e  
M errimbula Group. Most co arse  u n i t s  a p p a re n tly  a re  th ic k e n in g  to  some 
degree toward th e  w est, where a n o rth -so u th  mountain chain  i s  thought 
to  have dominated the  palaeogeography d u ring  Devonian tim e.
O ther v e c to r ia l  sedim entary  s t r u c tu r e s : These a re  com paratively
r a r e  in  th i s  sequence, but i s o la te d  o ccu rrences o f  r i l l  o r  drag marks 
and f l u t e  c a s te d  lo ad  c a s ts  o r  groove c a s t - l i k e  s t ru c tu re s  perm it th e  
c o n s tru c tio n  o f a  ro s e  diagram (F ig . 45 k ) .  The th re e  m ajor modes a re  
d is c e rn ib le .  Load c a s ts  have been re p o r te d  from f lu v ia l  environm ent 
(D oeglas, 1962) ,  p a r t i c u la r ly  from b ra id ed  r i v e r s ,  as  re p re se n te d  by 
mode 1. Most o f  th e  r i l l  and drag  marks o r groove c a s t - l i k e  s t r u c tu r e s  
a re  taken  ftom the l i t t o r a l  B e llb ird  Creek Form ation where they  may be 
expected . The s t r ik e  d i r e c t io n  o f  o s c i l l a t i o n  r ip p le  marks a re  co n sid e red  
in  th e  d e ta i le d  environm ental in te r p r e ta t io n  o f  th e  B e l lb ird  Creek 
Form ation (Table 8 & 9)* C urren t r ip p le  m arks, and o th e r  r ip p le s  w ith  
d e f in i te  fo re s e t  lam inae, a re  in c lu d ed  a s  sm a ll-sc a le  c r o s s - s t r a t i f i c a t i o n .
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Dip mode a n a ly s is  o f  c r o s s - s t r a t i f i c a t i o n :
T otal d a ta : The frequency d is t r ib u t io n  h istogram  o f  th e  to t a l
d a ta  (F ig . 43/9 and Table 14) has a bimodal c h a ra c te r  w ith  maxima a t  
o o12.5 and 22.5 • The conglom erate c r o s s - s t r a t a  i s  s tro n g ly  bimodal 
(F ig . 4 3 /1 0 ), w hile  th e  sandstone c r o s s - s t r a t a  shows a broad unimodal 
c o n f ig u ra tio n  (F ig . 43 /11)• A s im ila r  near-unim odal c h a r a c te r i s t i c  i s  
d isp lay ed  by sim ple and sm a ll-sc a le  c r o s s - s t r a t a  (F ig . 4 3 /1 2 ). The 
polymodal d i s t r ib u t io n  o f  th e  o th e r  c r o s s - s t r a t i f i c a t i o n  p ro p e r t ie s  
(F ig . 43/l3> 43/l4» 4 3 /l6 )  a re  more p r o f i ta b ly  d iscu ssed  by s e p a ra tin g  
them in to  the  th re e  m ajor azim uthal modes.
Azimuthal mode 1: The t o t a l  d is t r ib u t io n  (F ig . 43/17) d isp la y s  a
v e ry  d i s t i n c t  modal break  in  th e  25° -  30° ran g e . For s t a t i s t i c a l  
purposes t h i s  break i s  thought to  se p a ra te  w a te r - la in  from a e o lia n  c ro s s -  
s t r a t a .  The la rg e - s c a le  32 .5° mode (F ig . 43/19) o c c u rr in g  in  sandstone 
i s  thought to  be la rg e ly  o f  a e o lia n  o r ig in .  In  n e g le c tin g  th e  a e o lia n  
32 .5° dip mode i t  can be no ted  th a t  a l l  h istogram s (F ig . 43/l7> 43/19 
to  43/24 , and Table 11) o f  th e  azim uthal mode 1 a re  unim odal, w ith  th e  
excep tion  o f  th e  bim odal d i s t r ib u t io n  o f  conglom erates (p ig . 4 3 /1 8 ).
On th i s  b a s is  the  fo llo w in g  dip modes can be s p e c if ie d  (see  a lso  Table 14):
Dip mode 12.5° conglom erate, p la n a r , sm a ll-sc a le
(F ig . 45/18; 45 /21 , 45/25)
Dip mode 17-5° sandstone , sim ple , la rg e  and sm a ll-s c a le
(F ig . 45 /19 , 45/20 , 45 /25 , 45/24)
Dip mode 22 .5° conglom erate, sim ple, sm all and la rg e - s c a le
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Most o f  th e se  dip modes a re  thought to  he o f  f lu v i a l  b ra id e d  
r i v e r  o r ig in  in  th e  Twofold Bay Form ation. In  th e  B e llb ird  Creek and 
Worange P o in t Form ations they  a re  thought to  re p re se n t a e o lia n  read in g s  
o r shallow  w a te r , w ind-d riven  c u r r e n ts ,  s in ce  they  a l l  occur in  sandstone 
u n i t s .
Azimuthal mode 2 : The sandstone h istogram  (F ig . 45/27) i s  unim odal,
w hile th e  conglom erate one (F ig . 45/26) i s  bimodal (T able 14)« F ig .
45/26 to  45/52 f a c i l i t a t e  th e  s e p a ra tio n  o f  th e  fo llo w in g  dip modes, 
a lthough  f iv e  o f  th e  h istog ram s a re  bimodal (Table 14)»
sandstone , sim ple, sm a ll-s c a le  
(F ig . 43/27, 43 /28 , 43/31)
g ra n u la r  conglom erate, p la n a r ,
la rg e - s c a le
(F ig . 43 /26 , 43/29 , 43/32)
g ra n u la r  conglom erate, sim ple
and tro u g h , sm all and la rg e - s c a le  
(F ig . 43/26, 43/28 , 43 /30 , 43 /31 , 
4 3 /3 2 ).
A ll o f  th e se  B e l lb ird  Creek Form ation dip modes a re  thought 
to  be o f l i t t o r a l  o r n e r i t i c  above wave base o r ig in .
Azimuthal mode 3 : The conglom erate shows unimodal d i s t r ib u t io n ,
w hile the sandstone c r o s s - s t r a t i f i c a t i o n  i s  bimodal (T able 14)«
Dip mode 12.5° sandstone , sim ple and p la n a r ,
sm a ll-sc a le  and la r g e - s c a le ,
la rg e - s c a le  lam in a tio n  a re  o f te n
slumped (F ig . 4 3 /3 5 ,4 3 /3 6 ,4 3 /3 7 , 
43739,43/40)
Dip mode 7*5° 
Dip mode 12*5°
Dip mode 22.5°
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Dip mode 22.5° conglom erate, sim ple and sm a ll-s c a le
(F ig . 4 3 /3 4 ,4 3 /3 6 ,4 5 /3 9 )
Dip mode 25 .0"* sandstone , p la n a r  and la r g e - s c a le
(Mg. 43/55,43/37,43/40).
A ll o f  these dip modes o f  the upper B ellh ird  Creek and Worange 
Point Formations are thought to be o f  f lu v ia l  and d e lta ic  o r ig in .
Some c o n s id e ra tio n s  in  re g a rd  to  p a la e o c u rre n ts  
and c r o s s - s t r a t i f i c a t i o n
Palaeocurrent systems may e ith er  be a eo lian  or aqueous. Some 
aqueous currents are wind driven. In general, th ick  sequences o f  a eo lia n  
cross-bedded stra ta  have been recognized su c c e ss fu lly  on the b a s is  o f  
th e ir  tex tu re , s c a le , and type o f  c r o s s - s t r a t if ic a t io n  (P ettijo h n , 1957, 
PP.169-170; Dunbar & Rodgers, 1957, PP*107,65; Stokes, 1961; Baars, 1961)- 
Shore lin e  aeo lian  d e p o s its , as w ell as beaches, are sa id  to have 
l i t t l e  chance o f  su rv iv a l, e sp e c ia lly  when o v erla in  by marine beds 
(Dunbar & Rodgers, 1957, P»70), and serve as a source o f  sediments for  
near-shore marine currents during tran sgression .
F lu v ia t i l e  c u rre n t d ire c t io n s  may be in d ic a t iv e  o f  piedmont o r  
flood  p la in  environm ents. The a l lu v ia l  fan  i s  th e  ty p ic a l  d e p o s it io n a l 
end product o f  th e  piedmont environm ent and re g io n a lly  a r a d ia t in g  
unimodal p a t te rn  o f  c r o s s - s t r a t i f i c a t i o n  has been shown to  ap p ly  fo r  
i t  (P o t te r ,  1955; Longwell, 1936; Woodford, 1925)* The a l l u v i a l  p la in  
i s  c h a ra c te r iz e d  by m eandering, and e s p e c ia l ly  a t  th e  piedmont 
t r a n s i t io n ,  by b ra id e d  stream  p a t te r n s .  A llu v ia l p la in ,  m eandering r i v e r  
environment r e s u l t s  in  c r o s s - s t r a t i f i c a t i o n  o f  g re a t azim u thal v a r i a b i l i t y  
(P e tt i jo h n , 1957» p .5 8 1 ) , whose v e c to r  sum i s  in d ic a t iv e  o f  th e  p a la e o -
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s lo p e  (R eiche, 1958» Low ell, 1955)» The c r o s s - s t r a t i f i c a t i o n  o f 
innum erable contem porary and a n c ie n t f lu v ia l  d e p o s its  has been s tu d ie d  
by McKee (1939; 1955a,b ), K iersch (1950), K aitch  (1955), C ra ig  (1955),
W right (1959), Cazeau ( i9 6 0 ) , S tokes (1961). Dunbar & Rodgers (1957, 
p p .67-95) g e n e ra lly  r e f e r  to  th e  sho re , n ea r shore  and d e l ta ic  env iron­
ment as  mixed environm ent. Van Andel & Curray ( i9 6 0 , p .3 4 8 ), in  t h e i r  
r e c e n t  f a c ie s  c l a s s i f i c a t i o n  in  th e  Gulf o f  Mexico, u se  th e  um brella  
term "m arg ina l” fo r  th e  same environm ental s e t t in g .  In v e s t ig a t io n s  o f 
re c e n t and a n c ie n t sedim ents o f  m arg inal environm ent (Thompson, 1929; 1957» 
Bass, 1954, McKee, 1955, pp .4 -16 ; 1940; Schw artzachef 1955, W ilson,
Watson & S u tto n , 1955, Pepper, deW itt & Demarest, 1954, p p .54-56;
C row ell, 1955; W hitaker, 1955; P o tte r  & S iev e r, 1956; P e l l e t i e r ,  1958, 
Barbough, 1959; Hamblin, 1961) and experim en tal work (McKee & S t e r r e t t ,  
1961) have shown th a t  c r o s s - s t r a t i f i c a t i o n  p ro p e r t ie s  may be very  complex 
in  t h i s  environm ent, s in ce  th ey  depend no t on ly  on th e  lo c a tio n  w ith in  
th e  environm ental s e t t in g ,  bu t a lso  on such v a r ia b le s  as  c u rre n t v e lo c i ty ,  
depth  o f w a te r , and source and supply o f  sedim ent. However, Tanner 
(1959 & 1955), °n  th e  b a s is  o f  re c e n t and a n c ie n t sed im ents, has 
dem onstrated  c le a r ly  th a t  c r o s s - s t r a t i f i c a t i o n  w i l l  form p a r a l l e l  to  th e  
shore l in e ,  due to  l i t t o r a l  c u r re n ts  o r  long shore d r i f t .  He was thus 
a b le  to  show th a t  in  a  mixed environm ent a t  l e a s t  two roughly  p e rp e n d icu la r  
c u rre n t d i r e c t io n s  may e x i s t .  O ften one o f  th e se  c u rre n t d ir e c t io n s  
has, 180° removed from i t ,  a  com plim entary d i r e c t io n  which re p re s e n ts  
the  l i t t o r a l  o r  shore  l in e  tre n d . The th i r d  d i r e c t io n  i s  roughly  
p e rp e n d icu la r  to  th e  l i t t o r a l  tre n d  and re p re se n ts  th e  sedim ent t r a n s p o r t  
d ir e c t io n  from source to  b a s in .
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Follow ing Tanner (1955» 1959)» th e  B e l lb ird  Creek Form ation c ro s s ­
s t r a t i f i c a t i o n  ro se  diagram (F ig . 41) i s  in te rp re te d  as  in d ic a t iv e  o f  
m arg inal environm ent, w ith  two d ia m e tr ic a lly  opposed m ajor modes. The 
th i r d  mode th en  re p re s e n ts  th e  down-dip d ire c t io n  o f th e  p a lae o s lo p e . 
G enerally  speaking , th e re  must be a  r e la t io n s h ip  between c r o s s - s t r a t i f i c a t ­
ion  p ro p e r t ie s  and t h e i r  g en es is  ( l i l i e s ,  1949)« Many o f  th e  d e t a i l s  
o f  th i s  r e la t io n s h ip ,  however, a re  unknown o r c o n tro v e rs ia l  (Dunbar & 
Rodgers, 1957» p»105). Very g e n e ra lly , g en es is  and c r o s s - s t r a t i f i c a t i o n  
have been r e la te d ,  a s  shown in  Table 16, which i s  g iven  fo r  th e  purpose 
o f  com parison. The p re s e n t s tudy  in d ic a te s  co n sid e rab ly  more o v e rlap  
a s  f a r  as  p ro p e r t ie s  and g en es is  i s  concerned (Table 15)»
The average d ip  o f  17*8° (Table 14) o f  th e  c r o s s - s t r a t i f i c a t i o n  in  
t h i s  study  compares a s  fo llo w s w ith  th e  f in d in g s  o f  p rev io u s  s tu d ie s ;
K night, (1929)
OO•00T— (Caspar Form ation, 
Laramie Basin)
l i l i e s ,  (1949) p la n a r  28° 
sim ple 22° 
trough  15°
j f l u v i a t i l e  environm ent
P o tte r  & O lson,
(1954)
1 6 .50 f l u v i a t i l e  channel 
environment
P o t te r ,  (1955) 19.0° a l lu v ia l  fan  environm ent
A llen  (1962b) developed an em p irica l form ula fo r  th e  c a lc u la t io n  
o f  depth o f  w ater from th e  th ic k n e ss  o f  p la n a r  c r o s s - s t r a t a  s e t s .  
U t i l iz in g  th i s  r e la t io n s h ip  fo r  th e  V/orange P o in t Form ation in d ic a te s  
th a t  th e se  f lu v ia l  mega r ip p le s  (4 f t .  average th ic k n e ss )  have been 
d ep o sited  in  approx im ate ly  9 f t»  o f  w a ter. This compares w ell w ith  the  
average channel dep th  o f  12 f t .  fo r  th e  Worange P o in t Fbrm ation.
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Table 15
Summary o f  C r o s s - s t r a t i f i c a t io n  modes
Azimuthal mode 1 V ector sum N359°E, s tan d a rd  d e v ia tio n  10.1°
(Twofold Bay 
Formation)
12.5° conglom erate, p la n a r ,  sm a ll-sc a le
d ip  modes
17*5 san d sto n e , sim ple , la rg e  and sm a ll-sc a le
22.5 conglom erate, s im ple , sm all and la rg e -  
s c a le
M ainly a e o lia n  mode A pproxim ately due N orth
(E n tire  M errimbula 
Group)
52 . 5° sandstone , p la n a r ,  la rg e - s c a le
dip  modes
32.5  m ainly g ra n u la r  conglom erate, p la n a r , 
sm a ll-s c a le
Azimuthal mode 2 V ector sum N61°E, s tan d a rd  d e v ia t io n  23*3°
(B e llb ird  Creek 
Form ation)
7 .5 °  sandstone , sim ple , sm a ll-sc a le
dip  modes
12.5 conglom erate, p la n a r ,  la rg e - s c a le
22.5 g ra n u la r  conglom erate, sim ple and tro u g h , 
sm all and la rg e - s c a le
Azimuthal mode 5 V ector sum N133°E, s tan d a rd  d e v ia tio n  17*8°
(B e llb ird  Creek and 
Worange P o in t 
Form ations)
12.5° sandstone , sim ple and p la n a r ,  sm all and 
la rg e - s c a le ,  slumping
0
dip modes
22.5 conglom erate, sim ple, sm a ll-sc a le
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Shepherd (i9 6 0 , p . 7 l )  m entions th e  p o s s ib i l i t y  o f  slumping in  d e p o s its  
o f  th e  M iss is s ip p i m arg inal d e l ta ic  environm ent. This compares w ell 
w ith  th e  slum ping o f  azim uthal mode 3» s in ce  th e  p asses  o f  th e  upper 
B e llb ird  Creek Form ation and th e  b a sa l 24O f t .  o f  th e  Worange P o in t 
Form ation re p re se n t b a r  f in g e r  sands, where slumping o f  mode 3 i s  
p a r t i c u la r ly  common. F isk (1961), in  d e sc r ib in g  bar f in g e r  sands o f  
th e  M is s is s ip p i d e l ta ,  m entions such fe a tu re s  as  u n id ir e c t io n a l  c ro s s ­
bedding, fe s to o n  c ro s s -b e d s , minor f a u l t s ,  and co n to rte d  beds. A re c e n t  
co arse  shore  d e p o s it ,  comparable to  azim uthal mode 2, i s  a ffo rd e d  by 
M uraour’ s (1953) s tudy  a long  th e  A lgerian  c o a s t . Sharp (1940» PP-1253- 
1263), B ridge (1930, p p .64-66), Weidman (1904» PP«91-92) have d e sc rib ed  
such a n c ie n t d e p o s its . G ranular dunes have been d e sc rib ed  from Peru .
The au th o r ap o lo g izes  fo r  a  m istake  in  reg a rd  to  source t e r r a in  in  
an advance p u b lic a t io n  (S te in e r ,  1964), which s t a t e s  th a t  c ro ss-b ed d in g  
d a ta  in d ic a te s  an " e a s te r ly " source t e r r a in  fo r  th e  Eden-Merrimbula a re a . 
I t  should read  "w e s te r ly " source t e r r a in .
Environm ental co n c lu sio n s
Table 15 (page 159) summarizes th e  v a rio u s  c r o s s - s t r a t i f i c a t i o n  
modes. They cannot be thought o f  a s  s e p a ra te , d i s t i n c t ,  g e n e tic  ty p e s , 
bu t sim ply i l l u s t r a t e  th e  s t a t i s t i c a l l y  predom inant c h a r a c te r i s t i c s  o f  
th e  given azim uthal mode.
On the  s tre n g th  o f  th e  ex p lan a tio n s  g iven  in  th e  p rev io u s  s e c tio n s  
d e a lin g  w ith  th e  v a r io u s  p ro p e r t ie s  o f  th e  c r o s s - s t r a t i f i c a t i o n ,  and 
on the  b a s is  o f  th e  fo llo w in g  dip mode c r i t e r i a ,  t h i s  c r o s s - s t r a t i f i c a t i o n  
a n a ly s is  i s  o f fe re d  in  s tro n g  support o f  th e  environm ental in te r p r e ta t io n s
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based on general field characteristics:
(1) Azimuthal mode 1 represents the fluvial - braided river mode and
includes dip modes of 12.5°» 17*5° aud 22.5°• Average: 17»5°*
Modal range: 12.5° to 22.5°..... Twofold Bay Formation.
(2) Azimuthal mode 2 represents a predominantly littoral mode and
includes dip modes of 7»5°> 12.5° and 22.5°» Average: 14«5°*
Modal range: 7.5° to 22.5° ..... Bellbird Creek Formation.
(3) Azimuthal mode 3 represents the deltaic and fluvial mode and
includes dip modes of 12.5°» 22.5° and 25°. Average: 20.0°.
Modal range: 12.5° to 25° ....... upper Bellbird Creek and
Worange Point Formations.
(4) The mainly aeolian mode, which is identical in direction with the 
aqueous mode 1, has a dip mode of 32.5°* No doubt some of the 
lower angle cross-strata of mode 1, particularly from the Bellbird 
Creek and Worange Point Formations, are probably also of aeolian 
origin. Dip mode 32*5°•
Modal range: 32.5° and less..... Merrimbula Group.
On the basis of present field data it is suggested that the palaeo- 
wind direction during Merrimbula Group time was toward the north. The 
windblown units in these sediments are not very conspicuous, but it is 
thought that the present field work has sufficiently narrowed the problem 
of field recognition to commence with a systematic study of Australian 
palaeowind direction during Merrimbula time, which is desirable from a 
world-wide point of view (Runcorn, 19&4» P*409)» I f  i'*ie  Australian palaeo- 
magnetic data is accepted (Irving, 1962) this Devonian palaeowind 
direction becomes palaeo-north-northwest.
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SEDIMENTARY PETROLOGY
M icrom etric a n a ly s is  o f  a r e n i te  u n i t s  
(M errimbula Group)
Method and p re s e n ta t io n :
Some 80 th in  s e c tio n s  o f  M errimbula Group u n i t s  have been 
su b jec ted  to  m icrom etric  a n a ly s is .  An a d d it io n a l  130 th in  sec tio n s  
were examined in  o rd e r to  a ssu re  th a t  no im portan t s t r a t ig r a p h ic  v a r ia b le s  
were overlooked. An average p o in t count o f  1000 p e r th in  s e c tio n  (see  
Table 17) e s ta b lis h e d  the  p e rcen tag e  o f  components shown in  F ig . 24.
Van der P la s  & R obi’s ( 1965) P ° in t  count r e l i a b i l i t y  c h a r t has been taken  
in to  acco u n t. A ll th e  p o in t count d a ta  i s  g iven in  Table 17, in  a d d it io n  
to  the  p lo t  o f  F ig . 24 . In  case  o f  u n i t s  analyzed  c lo s e r  than  approx­
im ate ly  25 f t .  s t r a t i g r a p h ic a l ly , an average  o f  a l l  p o in t counts i s  
p lo t te d .  Column 4 (F ig . 24) i s  p ro p o r tio n a l to  the  number o f  th in  
se c tio n s  in c lu d ed  in  th e  average p lo t ,  whereby th e  w idth  a t  th e  lower 
B e llb ird  Creek Form ation re p re se n ts  u n i ty .  In  case  o f  th e  f lu v ia l  
Twofold Bay and Worange P o in t Form ations, column 6 (F ig . 24) in d ic a te s  
th e  f lu v ia l  sub-environm ent from which th e  th in  se c tio n  has been tak en .
The top o f  F ig . 24 r e p re s e n ts  d e ta i le d  p o in t counts on one f lu v ia l  
fin ing-upw ards cy c le  o r p e t ro lo g ic a l  t e s t  cy c le  o f  th e  Worange P o in t 
Form ation. Column 7 (F ig . 24) re p re se n ts  c r o s s - s t r a t i f i c a t i o n  r o s e t te s  
a t  100 f t .  i n te r v a l s .  Each o f  th e  r o s e t t e s  covers a s t r a t ig r a p h ic  
in te r v a l  o f  200 f t .  and thus a overlap  i s  g iven by each su ccessiv e  
r o s e t t e .  The c u rre n t d i r e c t io n  r o s e t te s  a re  p lo t te d  on F ig . 24 to a s s i s t  
in  provenance a n a ly s is ,  b u t t h i s  p lo t  a lso  c le a r ly  i l l u s t r a t e s  the
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v ary in g  d e p o s it io n a l s lope  and th e  changing environment o f  d e p o s it io n  
d iscu ssed  p re v io u s ly . In  th e  p o in t count p rocedure pore  space coun ts  
were thought to he u n r e l ia b le ,  due to  the  poor s ta t e  o f  c o n so lid a tio n  
o f  many o f  the sam ples, and a re  no t in c lu d ed  in  F ig . 24. In  s p i te  o f  
im pregnation w ith  p l a s t i c s  and r e s in s ,  some g ra in s  and sm all p a tch es  
o f  m a trix  were l o s t  in  th e  g rin d in g  p ro c e ss . Column 8 (F ig . 24) d e p ic ts  
th e  g ra in  s iz e  o f  th e  sedim entary  u n i t  from which th e  th in  s e c tio n  has 
been cu t and, in  th e  case o f  th e  f lu v ia l  Tito fo ld  Bay and Worange P o in t 
Form ations, i t  c le a r ly  r e l a t e s  to the  f lu v i a l  su b fa c ie s  (P ig . 24,
Column 6 ), a s  one would expect i f  th e se  in te r p r e te d  su b fa c ie s  have any 
meaning. The s t a t i s t i c a l  r e la t io n s h ip  o f  a l l  p o in t counts o f  th e  f lu v ia l  
Worange P o in t Form ation i s  compared to  th e  p e tro lo g ic a l  f lu v i a l  t e s t  
c y c le  on to p . A ll p o in t count d a ta  i s  p lo t te d  on MLQ and QFR diagram s 
(Crook, I960) (F ig . 25 to  30)* A s e r ie s  o f  photom icrographs i s  in c lu d ed  in  
the  i l l u s t r a t i o n  volume.
P o in t count d a ta  (M errimbula Group):
Framework components (F ig . 24, column 9 ) :
T o tal d a ta : t h i s  ca teg o ry  in c lu d es  a l l  th e  framework p a r t i c l e s ,
i . e .  q u a r tz , rock  fragm ents, and fe ld s p a r .  The framework components 
vary  between 63 and &&fo, They a re  more v a r ia b le  in  th e  B e l lb ird  Creek 
Form ation than  in  th e  Twofold Bay and Worange P o in t Form ations.
P e tro lo g ic a l f lu v i a l  t e s t  cy c le : th e  framework components in  the
f lu v ia l  c y c le  decrease  u p -c y c le , which i s  a r e f l e c t io n  o f  d ec rea s in g  
g ra in  s iz e  and in c re a s in g  m atrix  c o n te n t, due to  more t r a n q u i l  c u r re n ts  
in  th e  upper su b fa c ie s  o f  th e  f lu v ia l  c y c le .
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Twofold Bay Form ation: th e  framework components a re  f a i r l y  c o n stan t
a t  80$, except a t  th e  base o f  JS2, which re p re se n ts  ta lu s  d e p o s its  on 
top o f  an Eden R h y o lite  h ig h , w ith  a  h ig h  m atrix  c o n ten t. At th e  base , 
th e  a r e n i te s  a re  l i t h i c  l a b i l e ,  which become f e ld s p a th o - l i th ic  l a b i l e  
tow ard the  to p , which c o r r e la te s  w ith  th e  n o r th e a s te rn  c u rre n t d i r e c t io n  
mode ap p earin g  a t  200 f t . ,  and co in c id e s  w ith  th e  g ra n i te  fragm ent 
maximum o f  th e  same fo o tag e .
B e llb ird  Creek Form ation: th e  framework components a re  most
/
v a r ia b le  in  t h i s  Form ation, which i s  a r e f l e c t i o n  o f  th e  v a r ia b le  
environment o f  d e p o s itio n  d iscu ssed  in  d e ta i l  p re v io u s ly  (T able 8 & 9 ) -  
The m a tu rity  o f  th e  lower B e l lb ird  Creek Form ation a r e n i te s  v a r ie s  
between l i t h i c  l a b i l e  to  f e ld s p a th o - l i th ic  o r l i th o - f e ld s p a th ic  l a b i l e ,  
p lu s  sev e ra l fe ld s p a th ic  s u b la b i le  u n i t s  (Table 8 ) .  In  th e  upper 
B e llb ird  Creek Form ation a l l  a r e n i te s  a re  l i t h i c  l a b i l e  (T able 9 )
Worange P o in t Form ation: th e  framework components o s c i l l a t e
around 80$ -  10$. As one would expect in  the  f lu v i a l  environm ent, th e  
maxima c o r r e la te  rough ly  w ith  the c o a rse r  g ra in  s iz e  u n i t s  and th u s  
w ith  the b a sa l su b fa c ie s  o f  th e  f lu v i a l  c y c le . A ll a r e n i te s  o f  the  
Worange P o in t Fcrm ation a re  l i t h i c  l a b i l e .
Quartz (F ig . 24, column 10):
T otal d a ta : th e  p e rcen tag e  o f  q u a rtz  g e n e ra lly  v a r ie s  between
40$ and 60$ o f  t o t a l .  The q u a rtz  co n ten t i s  low in  th e  Wolumla Con­
glom erate Member, and sp o ra d ic a lly  around 80$ o f  framework components 
in  the  lower B e llb ird  Creek Form ation. Type o f  q u a rtz  has n o t been
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counted  s e p a ra te ly , bu t the  m a jo rity  i s  p robab ly  o f  vo lcan ic  o r ig in ,  
excep t in  the upper Twofold Bay and lower B e l lb ird  Creek Form ations 
where a  h ig h e r , though o f te n  s t i l l  su b s id ia ry  p e rcen tag e  o f  p lu to n ic  
q u a rtz  i s  g iven .
P e tro lo g ic a l  f lu v i a l  t e s t  c y c le : th e  q u a rtz  co n ten t in  th e  Worange
P o in t Form ation f lu v i a l  c y c le  d ecreases  u p -s e c tio n , which i s  probab ly  
r e l a t e d  to  in c re a s in g  m a trix  c o n te n t.
Twofold Bay Form ation: th e  q u a rtz  co n ten t g e n e ra lly  in c re a se s
u p -s e c tio n . I t  i s  abnorm ally  low in  th e  b a sa l Wolumla Conglomerate 
Member which, a t  Eden, i s  in te rp re te d  as  a  ta lu s  slope  to  b ra id e d  r i v e r  
d e p o s it a t  th e  head o f  an a l lu v i a l  fa n . The low q u a rtz  co n ten t a t  th e  
base  o f  JS2 i s  ex p la in ed  by th e  t a lu s  s lope  n a tu re  o f  th e  l a t t e r  on top 
o f  a  lo c a l  Eden R h y o lite  h ig h .
B e llb ird  Creek Form ation: th e  v a r ia b le  q u a rtz  co n ten t in  th e  lower
B e llb ird  Creek Form ation, and th e  f a i r l y  c o n stan t p e rcen tage  in  the  
upper B e l lb ird  Creek Form ation, r e f l e c t s  th e  energy c o n d itio n s  and 
r e s u l t in g  m a tu rity  o f th e  a r e n i te s  d iscu ssed  p re v io u s ly  (Table 8 & 9)«
Worange P o in t Form ation: the  maxima o f  q u a rtz  co n ten t c o r r e la te
w ith  th e  c o a rse r  g ra in  s iz e s  and th e  b a sa l f lu v i a l  su b fa c ie s , a s  deduced 
from th e  Worange P o in t Form ation f lu v i a l  t e s t  c y c le .
D e t r i ta l  m icas (F ig . 24, column 11):
T o ta l d a ta : th e  d e t r i t a l  m icas (m ostly  m uscovite o r  re d  s ta in e d
m uscovite) v a ry  c o n sid e ra b ly  throughout the  s e c t io n . In  th e  Twofold Bay
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Form ation and Worange P o in t Form ation they  a re  up to  2 mm (very  co arse  
sand s iz e ) .  In  th e  B e l lb ird  Creek Formation they  a re  g e n e ra lly  below 
medium sand s iz e .  The mica co n ten t i s  g e n e ra lly  below 196 o f  t o t a l ,  
i . e .  below 10 counts f o r  an average count o f  1000. These counts a re  
thought to  be v a l id ,  s in ce  they  d isp la y  a c le a r - c u t  r e la t io n s h ip  to  th e  
environment o f  d e p o s it io n , as  deduced from o th e r  c r i t e r i a  (T able 8 & 9)»
P e tro lo g ic a l  f l u v i a l  t e s t  cy c le : th e  d e t r i t a l  mica co n ten t in c re a se s
u p -se c tio n  w ith in  th e  f lu v i a l  t e s t  c y c le  o f  th e  Worange P o in t Form ation.
Twofold Bay Form ation: th e  mica co n ten t i s  low, b u t roughly
c o n stan t throughout th e  Twofold Bay Form ation.
B e l lb ird  Creek Form ation: no d e t r i t a l  m icas have been counted in
p a r ts  o f  th e  lower B e l lb ird  Creek Form ation, which r e f l e c t s  th e  h ig h er 
energy environm ent d iscu ssed  elsew here (Table 8 ) .  The h ig h e r  mica 
co n ten t o f  th e  B e l lb ird  Creek Form ation, from 925 to  1500 f t . ,  r e f l e c t s  
th e  subaqueous d e l ta ic  and t i d a l  f l a t  -  d e l ta ic  environm ent o f th a t  
p a r t  o f  the  s t r a t ig r a p h ic  column (Table 9)»
Worange P o in t Form ation: the  v a r ia t io n s  o f  th e  mica co n ten t w ith
the  f lu v ia l  su b fa c ie s  c o r r e la te s  roughly  w ith  the  tre n d  o f  mica co n ten t 
o f  th e  f lu v i a l  t e s t  c y c le .
Major u n s ta b le  components (F ig . 24j column 12):  The u n s ta b le
components in c lu d e  fe ld s p a r  and rock fragm ents. The sum o f  th e se  
components v a r ie s  around J>Ofo t  1 0 and rem ains f a i r l y  c o n sta n t through 
th e  M errimbula Group and th e  f lu v i a l  t e s t  c y c le . The Wolumla Conglomerate
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Member i s  one excep tion  where “u n s ta b le "  components a re  h ig h , due to  
h igh  p e rcen tag e  o f  r h y o l i t e  rock  frag n e n ts  a t  th e  base , which g ra d u a lly  
d ecrease  u p -se c tio n  w ith in  th e  Twofold Bay Form ation.
F e ldspar (F ig . 24, column 14):
T o ta l d a ta : no d i s t in c t io n  i s  made between p la g io c la s e  and
potassium  fe ld s p a r  in  th i s  a n a ly s is .  Much o f  t h i s  f e ld s p a r ,  p a r t i c u la r ly  
in  th e  b a sa l 1000 f t . , i s  p robab ly  o f  g r a n i t i c  o r ig in ,  s in c e  i t  
fo llow s th e  p o in t count o f  g r a n i te  fragm ents. The m ajor p a r t  o f  th e se  
p o in t counts re p re se n t potassium  fe ld s p a r .
P e tro lo g ic a l  f lu v i a l  t e s t  cy c le : th e  fe ld s p a r  co n ten t i s  s l i g h t ly
lower in  th e  upper f lu v i a l  su b fa c ie s  o f  th e  t e s t  c y c le . The r e a l i t y  o f  
th i s  s l ig h t  decrease  i s  no t borne ou t by th e  s t a t i s t i c a l  da ta  summarized 
in  th e  QFR diagram (F ig . 29 ). These s l ig h t  v a r ia t io n s  a re  not unders to o d .
Twofold Bay Form ation: Except in  th e  upper Twofold Bay Form ation
and lower B e l lb ird  Creek Form ation th e  fe ld s p a r  i s  q u ite  cloudy o r 
w eathered. The f r e s h e r  appearance i s  a t t r ib u te d  to  a  nearby g r a n i t ic  
sou rce , as  in d ic a te d  by th e  p o in t count o f  g ra n ite  fragm ents. In  th e  
u n d if f e r e n t ia te d  Twofold Bay Form ation fe ld s p a r  co n ten t i s  about 10$ 
o f t o t a l  and s t r a t ig r a p h ic a l ly  c o r r e la te s  w ith  th e  maximal g ra n i te  
count o f  5 to  10$. The Wolumla Conglomerate Member a t  Eden i s  v i r t u a l l y  
f e ld s p a r - f r e e .
B e l lb ird  Creek Form ation: th e  fe ld s p a r  co n ten t v a r ie s  from h ig h
a t  th e  base to  low a t  th e  to p . Some h igh  energy l i t t o r a l  u n i t s  a t  th e
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base a re  low in  bo th  fe ld s p a r  and rock  fragm ents, o r a re  low only  in  
rock  fragm ents. The g e n e ra lly  h ig h e r energy c o n d itio n s  in  th e  lower 
B e l lb ird  Creek Form ation r e s u l te d  in  a b ra s io n  lo s s  o f  g ra n i te  fragm ents, 
a s  compared to  th e  fe ld s p a r  c o n ten t and th e  f lu v ia l  Twofold Bay 
Form ation. In  th e  b a sa l B e l lb ird  Creek Formation th e  maximal fe ld s p a r  
co n ten t i s  20$, w h ile  g ra n i te  fragm ents range between 5 and 8$. In  the 
case  o f  one u n i t ,  a  low va lue  in  fe ld s p a r  i s  no t d i r e c t ly  r e f le c te d  in  
a  low v a lu e  o f  g ra n i te  fragm ents ( a t  365 f t . ) ,  s in ce  most o f  th e  w e ll-  
rounded g ra in  boundaries c o n s is t  o f  q u a r tz , whereas th e  fe ld s p a r  i s  
p re se rv ed  in  sm all p a tch es  in s id e  th e  g ra in s .
Worange P o in t Form ation: th e  fe ld s p a r  co n ten t o f th e  Worange
P o in t Formation i s  g e n e ra lly  low and r a r e ly  exceeds 4$*
Rock fragm ents (F ig . 24 , column 13) :  T o ta l rock  fragm ents vary
s im ila r  to  t o t a l  "u n s tab le "  components o f  which they  form th e  m ajor p a r t .  
Rock fragm ents a re  low in  sev e ra l h ig h  energy u n i t s  o f  th e  lower B e llb ird  
Creek Form ation, which i s  a t t r ib u te d  to  a b ra s io n  lo s s .  There i s  a 
s l ig h t  in c re a se  o f  rock  fragm ents in  th e  upper f lu v i a l  su b fac ie s  o f  th e  
t e s t  cy c le  o f  th e  Worange P o in t Form ation, which i s  no t borne ou t by 
the  s t a t i s t i c a l  d a ta . The p e rcen tag e  l i th o lo g ie s  com prising  th i s  rock  
fragm ent column i s  d iscu ssed  in  d e ta i l  below.
Eden R h y o lite  rock  fragm ents (F ig . 24 , column 17)* D is t in c t iv e  
Eden R h yo lite  rock fragm ents have been counted throughout the  whole 
sequence. They do n o t g e n e ra lly  exceed 9$ o f  t o t a l ,  except in  th e  b a sa l 
100 f t .  o f  th e  Twofold Bay Form ation, where they  c o n s t i tu te  about
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o f  th e  d e t r i t u s .  Eden R h y o lite  fragm ents a re  n e a r ly  la c k in g  in  th e  
low er B e llb ird  Creek Form ation, which i s  a t t r ib u te d  to  a b ra s io n  lo s s  
in  th i s  h ig h e r energy environm ent, and an a d d it io n a l  l i t t o r a l  g r a n i te  
so u rce . In  th e  upper Twofold Bay Form ation, a t  about 200 f t . ,  r h y o l i t e  
fragm ents a re  a lso  la c k in g  and a re  re p la c e d  by maximal g ra n ite  rock  
fragm ents.
G ran ite  rock  fragm ents (F ig . 24» column 18): A ll rock  fragm ents
c o n s is t in g  o f  q u a r tz - fe ld s p a r  in te rg ro w th  (m ainly g raph ic  in te rg ro w th ) 
have been counted a s  g ra n i te  rock fragm ents. Maximal g ra n i te  co n ten t 
i s  about 10^ in  th e  upper Twofold Bay Form ation and a m ajor g ra n i te  
source i s  in d ic a te d  from e m u la t iv e  foo tag e  100 to  800 f t .  in  th e  low er 
B e l lb ird  Creek Form ation. From 800 f t .  to  th e  top o f  th e  Worange P o in t 
Formation a g r a n i t i c  source t e r r a in  must be co n sid ered  a s  s u b s id ia ry , 
even i f  th e  fe ld s p a r  p e rcen tag e  i s  taken  in to  accoun t. The o ccu rrence  
o f  w ell-rounded , b lu e  tou rm aline  ( in d i c o l i t e )  in  th e  Worange P o in t 
Formation r a i s e s  th e  p o s s ib i l i t y  o f  a  minor p eg m atitic  component i n  th e  
source t e r r a in  (K rynine, 1946)* Although th i s  g ra n ite  count may 
in c lu d e  some fragm ents o f  g ranophyric  in te rg ro w th  o f  th e  Eden R h y o lite , 
i t  i s  n e v e r th e le s s  though t to  be e s s e n t ia l ly  v a l id .  The g ra n i te  
rock  fragm ent count c o r r e la te s  s t r a t ig r a p h ic a l ly  w ith  th e  f e ld s p a r  co u n t. 
This potassium  fe ld s p a r  i s  undoubtedly  o f  p lu to n ic  o r ig in ,  s in ce  th e  
g ra in s  measure up to  4 111111 (g ran u le  s iz e ) .
Hetamorphic ro ck  fragm ents (F ig . 24» column 19) * Metamorphic 
rock fragm ents have been counted  th roughout th e  e n t i r e  M errim bula Group. 
They alm ost c e r ta in ly  re p re s e n t  d e t r i tu s  o f  th e  u n d e rly in g  O rdovician
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M allacoota Beds and m axim ally amount to  5f° o f  t o t a l  cou n t. Metamorphic 
frag n e n ts  a re  low in  th e  Twofold Bay Form ation w hich, a t  th e  Eden 
s e c t io n s , re p re se n t a  provenance f a c to r .  Metamorphic fragm ents vary 
between zero and 2fo o f  d e f in i te  id e n t i f i c a t io n s  in  th e  low er B e l lb ird  
Creek Form ation. These minima a re  a sc r ib e d  to  a  com bination o f  provenance 
and a b ra s io n  lo s s  in  th e  h ig h e r energy environm ents o f  th e  lower 
B e llb ird  Creek Form ation.
O ther v o lcan ic  rock  fragm ents (F ig . 24» column 20): O ther vo lcan ic  
ro ck  fragm ents a re  most abundant in  th e  lower energy Worange P o in t and 
upper B e llb ird  Creek Form ation. Most o f  them probab ly  re p re se n t d e t r i tu s  
o f  th e  under ly in g  L ochiel v o lc a n ic s . In  g e n e ra l, they  do no t exceed 
5io o f  t o t a l  coun t, and in  abundance seem to  fo llow  the  metamorphic rock 
fragm ents. This c o r r e la t io n  i s  no t in te r p r e te d  a s  a  g en e tic  provenance 
r e la t io n s h ip  between th e se  two rock  ty p e s . I t  i s  p a r t i a l l y  a sc r ib e d  
to  th e i r  common f r a g i l i t y  and s u s c e p t ib i l i ty  to  a b ra s io n , and p a r t i a l l y  
to  th e  s ta t e  o f  w eathering  o f  th e  p a r t i c u la r  sam ple. Under th e  m icro­
scope i t  i s  h a rd e r to  id e n t i f y  and d is t in g u is h  between metamorphic,
"o th e r v o lc a n ic " , and f in e -g ra in e d  sedim entary  rock  fragm ents th e  more 
w eathered a  g iven  sample i s .  In  sam pling s t r a t ig r a p h ic  s e c tio n s  o f  
c o a s ta l  c l i f f s  w ith  r e s p e c t  to  a c c e s s ib i l i ty  every 5 f t .  o r 30> i t  i s  
o f te n  p re fe ra b le  to  have a l e s s  f re s h  hand specimen than  none a t  a l l .
This g en era l o b se rv a tio n  w ith  re g a rd  to  s t a t e  o f  w eathering  deriv ed  from 
th e  la b o ra to ry  s tudy  i s  supported  by th e  freq u en t co incidence  o f  
"metamorphic" and " o th e r  v o lcan ic"  minima w ith  maxima o f  " u n id e n tif ie d  
rock  fragm ents". The low v a lu es  o f  o th e r  v o lcan ic  rock  fragm ents i s  
thought to  re p re se n t a  lo c a l  provenance f a c to r  o f  th e  Eden s e c tio n s .
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The absence o f  o th e r  v o lcan ic  rock  fragm ents in  th e  h ig h e r energy, 
lower B e l lb ird  Creek Form ation i s  in te rp re te d  a s  an a b ra s io n  lo s s  e f f e c t .
U n id e n tif ie d  ro ck  fragm ents and m isce llan eo u s (F ig . 24, column 21) 
P a r t ly  due to  th e  s t a t e  o f  w eathering  o f  th e  sam ples, a s  d iscu ssed  
above, and p a r t ly  due to  in h e re n t problem s o f  id e n t i fy in g  a l l  sm all 
p a r t i c l e s  in  such an a n a ly s is ,  u n id e n t i f ie d  rock  fragm ents amount to  
maximally $0/0 o f  t o t a l  count and average about 1
I t  i s  su sp ec ted  th a t  a s  much as  h a l f  o f  th e se  o b je c ts  re p re se n t 
fragm ents o f  ig n im b rite  o r welded ash  flow  t u f f  d e riv ed  from th e  u n d er­
ly in g  Eden R h y o lite  sequence. A com parison o f  id e n t i f i e d  Eden R h y o lite  
fragm ents and u n id e n t i f ie d  rock  fragm ents o f  th e  Twofold Bay Form ation 
i l l u s t r a t e s  t h i s  su sp ic io n . The o th e r  h a l f  probab ly  re p re se n ts  
metamorphic rock  fragm ents. This c a teg o ry  a lso  in c lu d es  o th e r  m isce llan eo u s 
p a r t i c l e s  such a s  heavy m in e ra ls , m ag n e tite , o r s im ila r  opaque o b je c t s .
A ll m iscellaneous o b je c ts  a re  q u a n t i ta t iv e ly  unim portan t a s  f a r  a s  
column 21, F ig . 24 i s  concerned. The s p o ra d ic a lly  zero o r low count 
in  th e  lower B e l lb ird  Creek Form ation i s  a t t r ib u te d  to  a b ra s io n  lo s s  
o f  ig n im b rite  and metamorphic fragm ents in  th e se  h ig h e r energy 
environm ents.
Sedim entary ro ck  fragm ents (F ig . 24, column 21 )s This ca teg o ry  
in c lu d es  sh a le  c l a s t s  and sandstone fragm ents. The sh a le  c l a s t s  a re  
u s u a lly  the  co lo u r o f  th e  a s s o c ia te d  mudstone u n i t s ,  i . e .  re d , brown, 
o r g reen . In th e  f lu v i a l  Twofold Bay and Worange P o in t Form ations th e  
sedim entary  rock  fragm ents amount to  maximally Qj> o f  t o t a l ,  and drop 
only o c c a s io n a lly  to  a s  low a s  1$, where “u n id e n t i f ie d  rock  fragm ents"
-  173 -
a re  a t  a  maximum. This i s  in te r p r e te d  to  r e f l e c t  th e  f lu v i a l  o r ig in  o f  
th e  Twofold Bay -  Vorange P o in t Form ation, where sem i-co n so lid a ted  
sedim entary  rock  fragm ents a re  co n tin u o u sly  produced, p re se rv ed  and 
in c o rp o ra te d  in  th e  r e s u l t in g  r iv e r  d e p o s its . In  th e  B e l lh ird  Creek 
Form ation th e  count o f  sed im entary  rock  fragm ents i s  zero in  more than  
h a l f  o f  th e  fo o tag e , and reach es  a  maximum o f  5i° on ly  once. The v i r t u a l  
lack  o f  sedim entary  ro ck  fragm ents o f  sand s iz e  in  the  lower B e l lh ird  
Creek Form ation i s  a t t r i b u t e d  to  i t s  h ig h e r energy o f  d e p o s it io n .
In  th e  B e l lh ird  Creek Form ation a s l ig h t ly  h ig h e r count o f  maximally 
yjo i s  reco rd ed  from 65O to  950 f t . ,  which c o r r e la te s  n ic e ly  w ith  th e  
d e l ta ic  c o n s tru c tiv e  environm ent p o s tu la te d  fo r  th a t  p a r t  o f  th e  s e c tio n . 
The g en era l t i d a l  f l a t  environm ent i s  thought to  be re sp o n s ib le  fo r  th e  
low xfa count o f  sedim entary  rock  fragm ents o f  sand s iz e  in  th e  a r e n i te  
u n i t s  o f  th e  upper B e l lh ird  Creek Form ation.
M atrix  (F ig . 24, column 15)s
T o ta l d a ta : G en era lly , a l l  p a r t i c l e s  sm alle r than  very  f in e  sand
s iz e  (625 m icrons) a re  counted a s  m a trix . In  case o f  a  few f in e  sand­
s to n e s , a l l  p a r t i c l e s  below 31 m icrons have been counted a s  m a trix .
The d i s t in c t io n  between m a trix  and fuz^y rock  fragm ent boundaries i s  
n o t alw ays easy in  many o f  th e se  l i t h i c  a r e n i te s .
P e tro lo g ic a l  f l u v i a l  t e s t  c y c le : The m a trix  co n ten t o f  th e  t e s t
cy c le  in c re a s e s  m arkedly u p -se c tio n .
Twofold Bay Form ation: th e  m a trix  co n ten t o f  th e  Twofold Bay
Form ation i s  g e n e ra lly  about 109&, and v i r t u a l l y  independent o f  th e
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f lu v i a l  sub-environm ent* The base o f  JS2 has a  very  h igh  m atrix  
co n ten t (maxim ally 34$)* This i s  in  good agreem ent w ith  th e  ta lu s  s lope  
in te r p r e ta t io n  o f  th e  b a sa l Wolumla Conglomerate u n i t s  o f  JS2, which 
d i r e c t ly  o v e r l ie s  a  lo c a l  Eden R h y o lite  h igh .
B e l lb ird  Creek Form ation: The m a trix  c o n ten t o f  the  B e l lb ird  Creek
Form ation i s  very  v a r ia b le .  The g e n e ra lly  low co n ten t o f  th e  lower 
B e llb ird  Creek Form ation r e f l e c t s  the  h ig h e r energy tra n s g re s s iv e  phase 
d iscu ssed  in  Table 8 . The h ig h e r m atrix  co n ten t o f  th e  upper B e l lb ird  
Creek Form ation ag re es  w ith  th e  low energy t i d a l  f l a t  in t e r p r e ta t io n  o f  
th a t  p a r t  o f  th e  s e c t io n  (T able 9)*
Wo range P o in t Form ation: The m atrix  co n ten t o f  th e  Worange P o in t
Form ation v a r ie s  betw een 10 and 25$, but i s  g e n e ra lly  below 20^. These 
v a r ia t io n s  r e f l e c t  a  r e la t io n s h ip  to  th e  u p -se c tio n  m a trix  in c re a se  o f  
th e  t e s t  cyclothem . This in c re a s e  i s  a t t r ib u te d  to  th e  more t r a n q u i l  
c u r re n ts  re sp o n s ib le  fo r  the  d e p o s itio n  o f  th e  upper p o in t b a r  su b fac ie s  
a t  tim es o f  f lo o d .
Quartz overgrow th and cement (F ig . 24, column 16):
T o ta l d a ta : The p e rcen tag e  o f  q u a rtz  overgrow th i s  very  v a r ia b le ,
bo th  in  th e  e n t i r e  M errimbula Group and th e  p e tro lo g ic a l  f lu v ia l  t e s t  
q y c le . Q uartz overgrow th, which should r e f l e c t  o r ig in a l  p o ro s i ty , v a r ie s  
between n e a r ly  zero  in  th e  Wolumla Conglomerate Member, to  25^  in  th e  
low er, shallow  m arine and l i t t o r a l  B e l lb ird  Creek Form ation.
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Twofold. Bay Form ation: Q uartz overgrow th in c re a se s  from n e a rly
zero a t  th e  base o f  th e  Wolumla Conglomerate Member, to  about 7i° o f  t o t a l  
a t  th e  top o f  the  Twofold Bay Form ation. This r e la t io n s h ip  does not 
r e f l e c t  o r ig in a l  p o ro s i ty ,  bu t more o r l e s s  fo llow s th e  u p -se c tio n  
in c re a se  o f  d e t r i t a l  q u a rtz  and d ecrease  o f  Eden R h y o lite  rock  fragm ents. 
The m arine in u n d a tio n  o f  th e  Twofold Bay Form ation a l lu v ia l  fan may a lso  
have c o n tr ib u te d  to  c o n d itio n s  fav o u rab le  fo r  s i l i c a  p r e c ip i ta t io n  toward 
th e  top o f  the  Twofold Bay Form ation.
B e l lb ird  Creek Form ation: The h igh  but v a ry in g  q u a rtz  cement co n ten t
o f  the  lower B e l lb ird  Creek Form ation i s  though t to  r e f l e c t  s o r tin g  
and th u s  th e  o r ig in a l  h ig h e r p o ro s i ty  o f  th e se  sedim ents l a i d  down under 
g e n e ra lly  h ig h e r energy c o n d itio n s . The lower B e llb ird  Creek Formation 
was d ep o sited  in  shallow  m arine, l i t t o r a l  and subaqueous d e l ta ic  env iron­
m ents. The q u a rtz  cement co n ten t v a r ie s  between 12 and 25^ in  th e  lower 
B e llb ird  Creek Form ation. In  th e  upper B e l lb ird  Creek Form ation th e  
q u a rtz  cement co n ten t i s  much more v a r ia b le  and i s  o f te n  coupled w ith  
a p p re c ia b le  c lay  cem ent, which i s  d iscu ssed  below. This i s  thought to  
r e f l e c t  th e  v a r ia b le  s o r t in g  o f  th e  t i d a l  f l a t  sub-environm ent and 
d e l ta ic  p a sse s .
Worange P o in t Form ation: The q u a rtz  cement co n ten t v a r ie s  between
4 and 20$. S t a t i s t i c a l l y ,  th e  p o in t b a r subcycle  o f  "h o r iz o n ta l bedding" 
has the  minimal q u a rtz  cement c o n ten t o f  6.7$> a s  a g a in s t 9 to  11 $  in  
th e  b a sa l and top su b fa c ie s . The s ig n if ic a n c e  o f  th e se  v a r ia t io n s  i s  
no t understood . I f  th e se  v a r ia t io n s  have any re la t io n s h ip  to  s o r t in g  and 
o r ig in a l  p o ro s i ty , they  tend  to  d isp la y  th a t  th e  amount o f  q u a rtz  cement
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i s  g re a te r  in  the  b a sa l and top more po o rly  so r te d  s u b fa c ie s , and i s  
sm alle r in  the  b e t t e r  so r te d  c e n tr a l  p o r tio n  o f  the  p o in t b a r c y c le . 
Bernard & M ajor (1956) s o r t in g  co n c lu sio n s  a re  u t i l i z e d  in  th i s  argum ent.
Clay cement (F ig . 24, column 16):
T o ta l d a ta : M a tr ix -s iz e  p h y l lo s i l i c a te s ,  a rranged  p a r a l l e l  o r
p e rp e n d ic u la r  to  g ra in  b o u n d aries , have been counted s e p a ra te ly  as  c la y  
cement. Small amounts o f  c lay  cement o f around 1 to  ^  have been counted 
in  a l l  p a r t s  o f  th e  M errimbula Group, except in  the  lower h igh  energy 
B e llb ird  Creek Form ation. In  th a t  p a r t  o f  th e  s e c tio n  th e  m atrix  count 
i s  a  marked minimum. This r e la t io n s h ip  le ad s  to  th e  con clu sio n  th a t  
the  m a jo rity  o f  th e  above c lay  cement re p re s e n ts  e i th e r  rea rran g ed  
o r ig in a l  m a trix , o r sim ply c o n s t i tu te s ,c a u s a l ly  o r  c o in c id e n ta l ly , 
p r e f e r e n t ia l ly  o r ie n te d  o r ig in a l  m a trix . This c lay  cement, l ik e  th e  c la y  
m inera l o f  th e  mudstone and sh a le  u n i t s ,  appears to  be m ostly  i l l i t e .
P e tro lo g ic a l  f lu v i a l  t e s t  c y c le :
In  o rd e r to  v e r i f y  the  u p -s e c tio n  tre n d s  o f  th e  d e ta i le d  p o in t 
count a n a ly s is  o f  one o f  th e  Worange P o in t Formation c y c le s  ( t e s t  cy c le : 
top o f  F ig . 24) ,  th e  fo llo w in g  averages a re  c a lc u la te d  from 29 Worange 
P o in t Form ation th in  s e c tio n  coun ts:
P o in t b a r cy c le  Framework M atrix  Mica Quartz Clay Quartz
Components jo_____cfo cement cement 70
Small r ip p le  zone 62.1 24-9 1.8 10.3 0 .9 34.4
H orizo n ta l bedding zone 68.8 23.1 1.1 6.7 0 .3 38.2
Mega r ip p le  zone 76.5 18.8 0 .3 9 .0 0 .4 46.8
P oorly  bedded g rav e l zone 78.7 10.4 0 .2 11.0 0.3 50-2
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A com parison o f  th e  above ta b le  and the  Worange P o in t Form ation t e s t  
c y c le  (F ig . 24) s u b s ta n t ia te s  the  fo llow ing  co n c lu sio n s  in  re g a rd  to  
th e se  p o in t b a r fin ing-upw ards c y c le s :
(1) The framework components (q u a r tz , f e ld s p a r ,  rock fragm ents) 
decrease  u p -s e c tio n .
(2) M atrix co n ten t in c re a s e s  u p -se c tio n  by a t  l e a s t  a  f a c to r  o f  two.
(3) Mica co n ten t in c re a s e s  u p -s e c tio n  from n e a r ly  zero a t  th e  base 
to  about 2fo a t  th e  to p .
(4) Quartz co n ten t d ecreases  s tro n g ly  u p -s e c tio n  from about -g- o f 
t o t a l  a t  th e  base  to  1/3 o f  t o t a l  a t  th e  to p .
The above fo u r p o in ts  a re  i l l u s t r a t e d  g ra p h ic a lly  by p lo ts  o f  a l l  
Worange P o in t Form ation th in  s e c tio n  d a ta  on MLQ and QFR diagrams 
(F ig . 29) .  The n o n -system atic  v a r ia t io n  o f  q u a rtz  cement i s  n o t under­
sto o d . The low coun ts  o f  c la y  cement a re  probab ly  m eaning less, bu t may 
be r e la te d  to  t o t a l  m atrix  c o n te n t.
C la s s i f ic a t io n  o f  a r e n i te s  (M errimbula Group): On th e  b a s is  o f
sedim entary  s t r u c tu r e s ,  and fo llo w in g  Crook ( i9 6 0 ) , a l l  a r e n i te s  a re  
c l a s s i f i e d  as  san d sto n es , s in ce  they  re p re se n t n o n - tu r b id i te s .  The 
Twofold Bay Form ation c o n s is ts  predom inantly  o f  l i t h i c - l a b i l e  sandstones 
(F ig . 25, 26) .  The low er Twofold Bay Form ation, in c lu d in g  th e  Wolumla 
Conglomerate Member, c o n s is ts  o f  l i t h i c  san d sto n es, w hile  th e  upper 
u n d if f e r e n t ia te d  Twofold Bay Form ation u n i t s  a re  p redom inantly  fe ld sp a th o  
l i t h i c  sandstones. The low er B e l lb ird  Creek Form ation in c lu d e s  two 
d i s t i n c t  in te rb ed d ed  l i t h o l i g i e s  which, on th e  QFR diagram (F ig . 27) ,
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cover a re a s  which a r e  roughly  equal to  th e  f i e ld s  o f  s u b la b i le  sandstone 
and l i t h i c  l a b i l e  sandstone (F ig . 25)* The upper B e llb ird  Creek and 
Worange P o in t Form ation u n i t s  c o n s is t  e x c lu s iv e ly  o f  l i t h i c  sandstones 
(F ig . 2 5 ,2 8 ,2 9 ). The re la t io n s h ip  o f  th e  c l a s s i f i c a t i o n  o f  the 
Merrimbula Group sandstones to  t h e i r  environm ents o f d e p o s it io n  i s  
summarized in  F ig . 30. The p o s tu la te d  environm ents o f  d e p o s it io n , as 
deduced from f i e ld  c h a r a c te r i s t i c s ,  i s  c le a r ly  supported  by th e se  MLQ 
and QFR p lo t s  (F ig . 50)«
Environm ental co n c lu sio n s  in  re g a rd  to  th e  Merrimbula
Group
The p e tro lo g y  o f  th e  a r e n i te  u n i t s  o f  th e  M errimbula Group s tro n g ly  
supports  th e  environm ental co n c lu sio n s  reached  on th e  b a s is  o f  f i e l d  
c h a r a c te r i s t i c s .  On th e  Q1R diagram (F ig . 5 0 ), the  u n i t s  p lo t  in  a 
re g u la r  tre n d , r e f l e c t i n g  the change o f  components from source to p a ra l ic  
and m arine s i t e  o f  d e p o s it io n . This tre n d  i s  c h a ra c te r iz e d  by g radual 
enrichm ent in  q u a rtz  and a b ra s io n  lo s s  o f  rock  fragm ents. The ta lu s  
slope to  a l lu v ia l  fan  sandstones o f  the  Wolumla Conglomerate Member a re  
very r i c h  in  u n s ta b le  components and p lo t  in  th e  rock fragm ent co rn e r.
The a l l u v i a l  fa n , b ra id e d  to  m eandering r i v e r  sandstones o f  th e  
u n d if f e r e n t ia te d  Twofold Bay Form ation p lo t  in te rm e d ia te  between th e  
rock  fragm ent and q u a rtz  c o m e rs . The c o a s ta l  p la in ,  m eandering r iv e r  
sandstones o f  th e  Wo range P o in t Form ation, and th e  t i d a l  f l a t  and d e l ta ic  
sandstones o f  th e  B e l lb ird  Creek Form ation, a lso  p lo t  in  th e  in te rm e d ia te  
p o s i t io n ,  bu t the  d e l ta ic  d e p o s its  in  p a r t i c u la r  tend  to  m ig ra te  toward 
the c e n tre  o f  the  diagram and away from th e  q u a rtz  -  rock  fragment
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a x is  toward h ig h e r fe ld s p a r  c o n te n t. The same tendency i s  d isp lay ed  
by th e  uppermost Twofold Bay Form ation sandstones which, on th e  b a s is  
o f  o th e r  c r i t e r i a ,  a re  in te r p r e te d  a s  a l lu v ia l  fan  d e p o s its  which a r e  
g ra d u a lly  inundated  by a m ajor m arine tra n s g re s s io n . The l i t t o r a l  to  
shallow  n e r i t i c  sandstones o f  th e  upper B e l lb ird  Creek Form ation p lo t  
in  th e  q u a rtz  co rn e r.
The MLQ diagram (F ig . 30) shows e s s e n t ia l ly  th e  same as  QFR 
diagram , bu t a f fo rd s  a  much c le a r e r  s e p a ra tio n  o f  th e  t a lu s  s lope  to 
a l l u v i a l  fan  d e p o s its  on the  one hand, and th e  meandering r i v e r ,  t i d a l  
f l a t  and d e l ta ic  d e p o s its  on th e  o th e r .
On b o th  the  MLQ and QFR diagram s th e  m ig ra tio n a l tre n d s  o f  th e  
f lu v i a l  p o in t b a r  su b fa c ie s  (F ig . 29) and th e  t ig h t  grouping  o f  th e  t i d a l  
f l a t  d e p o s its  (F ig . 2 8 ), a re  o f  i n t e r e s t .  The con clu sio n s  in  re g a rd  
to  th e  MLQ and QFR p lo t s  a re  i n i t i a t e d  and emphasized by a  s t r a t ig r a p h ic  
p lo t  o f  a l l  p e tro lo g ic a l  components (F ig . 24) .
This study em phasizes th e  u se fu ln e ss  o f  th e  MLQ and QFR diagram s 
(Crook, 1960) in  environm ental a n a ly s is ,  and a lso  su p p o rts  th e  w e ll-  
known f a c t  th a t  th e  p e t ro lo g ic a l  c l a s s i f i c a t i o n  systems a lone  y ie ld  
environm ental f a c ie s  in  ex cep tio n a l l im i t in g  cases  on ly . In  t h i s  s tu d y , 
such l im it in g  cases a re  h igh  energy l i t t o r a l  to  above wave base  n e r i t i c  
and n e a r-so u rce  t a lu s  s lope  to  a l lu v ia l  fan  fa c ie s * .
* For g en era l a p p l ic a t io n  th e se  conclu sio n s  must be q u a l i f ie d  by 
provenance c o n s id e ra tio n s .
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Environm ental co n c lu sio n s  in  reg a rd  to  th e  Q uarantine
Bay Member
The p o in t count d a ta  o f  a  Q uarantine Bay Member a r e n i te  (Table 17) 
i s  p lo t te d  a t  the  base o f F ig . 24« A part from minor provenance f a c to r s ,  
th e  p ro p o rtio n s  o f  p e t ro lo g ic a l  components a re  very s im ila r  to  th e  
th in  Wolumla Conglomerate Member a t  th e  base o f JS2 a t  cum ulative 
fo o tag e  o f  70 f t .  (Fig* 24)*
On bo th  th e  MLQ and QFR diagram s th e  Q uarantine Member a r e n i te  
p lo t s  w ith  th e  Wolumla Conglomerate Member sandstones (F ig . 26 ). These 
sandstones c o n s t i tu te  a  s e p a ra te  f i e l d ,  a p a r t  from th e  o th e r  M errimbula 
Group d e p o s it io n a l environments (F ig . 3 0 ). On th e  b a s is  o f  th e se  p lo t s ,  
and s in ce  th e  two Members a r e  sep a ra ted  s t r a t ig r a p h ic a l ly  by only  
500 f t .  o f  ig n im b rite  s h e e ts , i t  i s  concluded th a t  th e  Wolumla Conglomerate 
and th e  Q uarantine Bay Member have been d ep o sited  in  s im ila r  env iron­
m ents. The Wolumla Conglomerate Member has been shown to  re p re se n t 
ta lu s  s lo p e  to  a l lu v ia l  fan  d e p o s its .
The p resence  o f m ainly a c id ic  ’o th e r  v o lcan ic  rock  fragm en ts’ in  
th e  Q uarantine Bay Conglomerate Member o f  th e  Eden R h y o lite  a t  JS3 
(F ig . 24, Table 17) in d ic a te s  th a t  p r io r  to  th e  d ep o sitio n  o f th e  r h y o l i te  
a t  Eden, volcanism  took p la c e  somewhere nearby which su p p lied  rock 
fragm ents to  th e  s i t e  o f d e p o s it io n  o f  th i s  conglom erate.
Sedim entary s t r u c tu r e s  and o th e r  f i e l d  c h a r a c te r i s t i c s  o f the  
Q uarantine Bay Member a re  in  agreem ent w ith  a  ta lu s  s lope  to  a l lu v ia l  
fan  in te r p r e ta t io n .
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Environmental conclusions in regard, to the Cusack 
Creek Member
The point count data of a Cusack Creek Member arenite (Table 17) 
is plotted at the base of Pig. 24. Apart from minor provenance factors, 
the proportions of petrological components are very similar to the 
Wolumla Conglomerate Member at JS1 at cumulative footage 0 to 50 ft.
(Fig. 24).
On both the MLQ and QFR diagrams the Cusack Creek Member arenite 
plots with the Wolumla Conglomerate Member sandstones (Fig. 26). These 
sandstones constitute a separate field, apart from the other Merrimbula 
Group depositional environments (Pig. 50)• On the basis of these plots, 
and since the two Members are separated stratigraphically by only 
200 ft. of basalt and sedimentary units, it is concluded that the 
Wolumla Conglomerate and Cusack Creek Member have been deposited in 
similar environments. The Wolumla Conglomerate Member has been shown 
to represent talus slope to alluvial fan deposits.
The presence of granitic rock fragments and feldspar in the Cusack 
Creek Member (Pig. 24, Table 17) indicates that the Bega Granite and 
related granites were either unroofed or exposed, due to faulting prior 
to the deposition of the Loehiel Formation. This conclusion is in 
agreement with the nonconformable relationship of the Loehiel Formation 
and the Bega Granite (Fig. 2). Since the Cusack Creek Member includes 
up to pebble size Loehiel basalt phenoclasts ('other volcanic rock 
fragments’) (Fig. 24) it is concluded that basalt was extruded nearby 
prior to the Loehiel deposition at Cusack Creek (probable source; 
up-palaeoslope south of Loehiel).
Sedimentary structures, palaeoslope considerations, and other field 
characteristics of the Cusack Creek Member and the other undifferentiated 
sedimentary units of the Lochiel Formation are in agreement with a talus 
slope to alluvial fan interpretation.
Clay mineralogy
Analytical data;
Eleven mudstone and shale samples were analyzed by x-ray techniques 
in order to estimate the percentage of illite and kaolinite. The method 
employed is similar to that used by Conolly (1965©) in regard to Upper 
Devonian sediments in central New South Wales. Illite and kaolinite, but 
comparatively little chlorite, has been noted in the thin sections.
This data is summarized in Table 18 and compared to the environment of 
deposition assigned to the interbedded arenite units on the basis of 
other criteria. All clay mineralogy samples are taken from the Eden 
sections (JS1, JS2, JS12, JS4, JS8). The average per'formation is given 
as follows;
Illite Kaolinite
Worange Point Formation (Buw) 2 samples 75*5$ 24*5^
Bellbird Creek Formation (Dub) 5 samples 84»7$ 15*3$
Twofold Bay Formation (Dut) 4 samples 94*5$ 5*5^
Present sampling suggests an up-section increase of kaolinite 
content in the Merrimbula Group. Such an up-section kaolinite increase 
is verified regionally by Conolly1s (19^5©) clay mineralogy work,
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Table 18
Clay M ineralogy -  M errimbula Group*
Cumulat­
iv e  fo o t­
age
Formation Colour o f  mud­
sto n e  o r  sh a le
I l l i t e
$
K aolin­
i t e  °!o
Environment
30 Dut Wolumla p u rp le 100 0 T e r r e s t r i a l
180 But " re d 100 0 T e r r e s t r i a l
240 Dut p u rp le 90 10 T e r r e s t r i a l
245 Dut yellow 88 12 T e r r e s t r i a l
285 Dub green -yellow 67 33 Mixed and shallow  
m arine
340 Dub l i g h t  green 9 6 .5 3 .5 Mixed and shallow  
m arine
1225 Dub l ig h t  brown 83 15 Mixed and shallow  
m arine
1320 Dub l i g h t  brown 83 17 Mixed and shallow  
m arine
1440 Dub green 92 8 Mixed and shallow  
m arine
1770 IAiw re d 56 44 T e r r e s t r i a l
2130 Duw re d 95 5 T e r r e s t r i a l
* The a c tu a l  x -ra y  a n a ly se s  and th e  com putations were c a r r ie d  o u t by 
a number o f  s tu d e n ts  under competent su p e rv is io n .
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on th e  Hervey and Cocoparra Group o f  th e  Upper Devonian c e n tr a l  and 
w este rn  p rov ince  o f  New South W ales. Conolly (l9 6 5 e , Table i )  analyzed  
th e  c la y  f r a c t io n s  o f  48 sam ples. T h ir ty -s ix  o f  th e se  samples can be 
a ss ig n ed  a M errimbula Group equ ivalence  acco rd in g  to  Table %  and 
Conolly (l965d , Table I  & I I ) .  The ta b le  below in d ic a te s  a  s im ila r  
in c re a se  o f  th e  average  fo n n a tio n a l k a o l in i te  c o n te n t , w ith  decreasin g  
ag e , a s  suggested  by th e  M errimbula Group sam ples.
Clay m ineralogy -  Hervey and Cocoparra Group
Worange P o in t Form ation
K a o lin ite
<
I l l i t e
¥ >
No. o f  
samples
eq u iv a len t
B e llb ird  Creek FOimation
46.5 53-7 8
eq u iv a len t
Twofold Bay Form ation
36.2 63.8 26
eq u iv a len t 30 .0 70.0 2
Average - 38 .0 62.0 ____a___
The h ig h er average  k a o l in i te  co n ten t o f th e  Hervey and Cocoparra 
Group sam ples, as compared to  those  o f  th e  M errimbula Group, may 
re p re s e n t  a  provenance an d /o r environm ental f a c to r ,  bu t may a lso  r e f l e c t  
th e  f a c t  th a t  C ono lly ’ s samples come from lo c a t io n s  which a re  by f iv e  
degrees l a t i tu d e  c lo s e r  to  th e  Devonian p a lae o -e q u a to r.
According to  Table 18 th e  predom inant c la y  m inera l in  th e  M errimbula 
Group mudstones i s  i l l i t e .  There i s  no c le a r - c u t  r e la t io n s h ip  between 
co lo u r o f  th e  mudstone and c la y  m in e ra ls  (T able 18).
Except a t  th e  v e ry  to p , th e  c lay  m inera l o f  th e  Twofold Bay Form ation 
i s  100^ i l l i t e ,  which c o r r e la te s  w ith  over 5 0 f o  Eden R h y o lite  rock  f ra g ­
ments as  e s ta b lis h e d  by p o in t count (F ig . 2 4 )«
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The kaolinite content in the Bellbird Creek - Worange Point 
samples is still subsidiary, but varies sporadically. The 33$ kaolinite 
at 285 ft, falls within the granite rock fragment maximum between 
125 to 300 ft. In this stratigraphic interval granite fragments 
definitely identified by point count (minimum count 1000) exceed 5$ 
of total count of all constituents (Pig, 24), The 15 - 17$ kaolinite 
content at 1225 to 1320 ft. roughly coincides with granite fragments of 
somewhat less than 1$ of total at 1300 ft, (Fig, 24), The 44$ kaolinite 
content at 1770 ft. bridges the two remaining granite fragment counts 
(about 1$) at 175O and 1925 ft. (Fig. 24). The apparent stratigraphic 
correlation of granite rock fragments and kaolinite content is shown 
graphically by a dotted line superimposed on the granite rock fragment 
column (Fig. 24, column 18). The dotted line represents percentage 
kaolinite, using an arbitrary scale.
Environmental conclusions:
Present sampling indicates that, in the absence of predominantly 
rhyolitic detritus, kaolinite tends to follow the point count of granite 
rock fragments. This dependence is much stronger in the continental 
environment of the Worange Point Formation than in the mixed and shallow 
marine environment of the Bellbird Creek Formation. The virtual absence 
of kaolinite in the continental lower Twofold Bay Formation is thought 
to reflect the predominance of rhyolitic detritus derived from the 
directly underlying Eden Rhyolite. In general, it is concluded that the 
clay minerals of these Devonian rocks consist mainly of illite, and that 
the kaolinite content is primarily a function of provenance and only
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se c o n d a rily  o f th e  environm ent o f  d e p o s it io n . The c o r r e la t io n  o f  th e  
k a o l in i te  co n ten t w ith  th e  environm ent o f  d e p o s itio n  may mean, however, 
th a t  k a o l in i te  i s  formed more r e a d i ly  in  t e r r e s t r i a l  sedim ents a s  a 
p o s t-d e p o s it io n a l  a l t e r a t i o n  p roduct o f fe ld s p a r  than  in  m arine d e p o s its . 
The above co n c lu sio n s  a re  in  good agreem ent w ith  Van Houten (1964» P»650)» 
who s t a t e s  th a t  “most s tu d ie s  o f  re c e n t sedim ents suggest th a t  th e  c lay  
m in e ra ls  d e p o sited  in  a  b a s in  a re  determ ined la rg e ly  by th e  source 
m a te r ia l1'.
Van Houten (1964, p .651) concludes th a t  "abundant k a o l in i te  in  a 
re d  bed p o in ts  to  d e r iv a tio n  from warm -clim ate l a t e r i t i c  s o i l s " .  The 
u p -s e c tio n  fo rm atio n a l in c re a s e  o f  k a o l in i te  a l l  over New South Wales 
may th u s  be in te r p r e te d  a s  a  p a la e o c lim a tic  warming-up tre n d  d u rin g  th e  
Upper Devonian o f  E as te rn  A u s tra l ia ,  a s  summarized in  Table 19»
Provenance of Devonian rocks 
Limitations of provenance conclusions:
The fo llo w in g  provenance in te r p r e ta t io n s  a re  based on th e  above 
m icrom etric  a n a ly s is  and on th e  p a laeo s lo p e  c o n c lu s io n s . They r e f e r  
p a r t i c u la r ly  to  th e  lo c a t io n s  o f  th e  s t r a t ig r a p h ic  se c tio n s  measured.
The d e ta i le d  s t r a t ig r a p h ic  se c tio n s  c e n tre  around Eden.
Quarantine Bay Member of the Eden Rhyolite;
The source  t e r r a i n  o f  th e  c l a s t i c  u n i t s  o f  th e  Eden R h y o lite  was 
lo c a te d  toward west o r  n o rth w est, p robab ly  f a i r l y  c lo se  to  th e  map 
a re a , and c o n s is te d  a lm ost e n t i r e ly  o f  metamorphic rocks o f  th e  u n d e rly in g  
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at Eden, minor volcanic extrusions took place in the source area, 
which are thought of as the initial extrusive phases of the overlying 
Rhyolite Member. The detritus was transported to the site of deposition 
by small or alluvial fan river systems. Following the deposition of 
the Quarantine Bay Member, violent and comparatively rapid extrusion 
of ignimbrite from north-south fissure sources took place in the map 
area.
Lochiel Formation and Cusack Creek Member;
The source terrain of the Cusack Creek Member and other clastic 
units of the Lochiel Formation was located within and south of the map 
area. It consisted primarily of granite and Eden Rhyolite. The source 
area included somewhat subsidiary metamorphic rocks. The granite was 
derived from the Gabo Island (Fig. 1) and Bega Granite complexes (Fig. 2), 
while the metamorphic rocks originated from the Ordovician Mallacoota 
Beds to the south. During the deposition of the Lochiel Formation, one 
large and possibly other smaller point sources within the area of 
deposition extruded lava flows primarily of basaltic composition.
This volcanism probably resulted in volcanic cones on a northerly dipping 
palaeoslope, which were eventually buried by the clastic units of the 
Lochiel Formation which formed an alluvial fan building out toward the 
north. The detritus was transported to the site of deposition by a 
small river system.
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Twofold Bay Formation and Wolumla Conglomerate Member:
The source terrain of the Twofold Bay Formation was located close 
toward the south, partly within the map area. These deposits are a 
continuation of the alluvial fan which commenced building in Lochiel 
time and the detritus consists primarily of Eden Rhyolite and granite.
The granitic source material was supplied by the Bega and Gabo Island 
Granite. The source area included subsidiary supplies of Mallacoota 
Bed - metamorphies and Lochiel-type basalts.
Lower Bellbird Creek Formation:
The detritus of the basal part of the lower Bellbird Creek Formation 
(25O - 65O ft.) was transported to the site of deposition by littoral 
current flowing towards the northeast. During this comparatively fast 
transgression mainly granitic detritus was supplied. The granitic source 
material probably originated from palaeocoastai cliffs of the Gabo Island 
Granite to the south. The source terrain also supplied some Eden 
Rhyolite, Mallacoota Bed-metamorphics and, to some extent, Lochiel 
Basalts. The importance of these latter contributions is difficult to 
ascertain, due to probable abrasion loss of these more unstable components 
in high energy environments. In the upper part of the lower Bellbird 
Creek Formation (65O - $00 ft.) a more distant metamorphic and volcanic 
source terrain toward the northwest is indicated. The detritus was 
deposited in a deltaic environment. The metamorphic and volcanic detritus 
supplied by the river system of this delta was mixed with granitic 
material brought into the site of deposition by littoral currents from
iv.
the southwest.
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Upper B ellb ird  Creek and Worange Point Formations:
The more d ista n t metamorphic and vo lcan ic  source terra in  o f  th is  
stra ta  was loca ted  toward the northwest. I t  co n sisted  o f Eden R h yolite , 
M allacoota Bed-metamorphics, minor g ra n ite , subsid iary Lochiel b a sa lts , 
and contemporary t e r r e s t r ia l  sedim ents. The p o s s ib i l i t y  o f  a minor 
pegm atitic source i s  a lso  in d ica ted . In the case o f  the upper B e llb ird  
Creek Formation the d e tr itu s  was transported to the s i t e  o f  d ep osition  
by d e lta ic  passes whence some o f  i t  was red istr ib u ted  in to  the t id a l  
f la t  areas. Some u n its ,  in  p a rticu la r  one (JS4, Unit 33) ov erly in g  the 
t id a l  f l a t  upper B e llb ird  Creek Formation, are shown to be windblown 
dunes in  which the l i t h i c  d e tr itu s  was transported to the s i t e  o f  depos­
i t io n  by an a eo lian  agent. Palaeowind d irectio n  was toward the north.
In the case o f  th e  Worange Point Formation, the d e tr itu s  was 
transported to the s i t e  o f  d ep osition  by a co a sta l p la in  meandering r iv er  
system which, a t the base, include the subaerial to p -se t portion  o f  an 
im bricating d e lta  complex.
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DEPOSITIONAL ENVIRONMENT FROM THIN SECTION SIZE ANALYSIS 
Thin s e c tio n  s iz e  a n a ly s is
Twelve s t r a t ig r a p h ic  samples from ty p ic a l  and c ru c ia l  t r a n s i t io n a l  
h o rizo n s  o f  th e  Merrimbula Group have been s e le c te d  fo r  th in  s e c tio n  
s iz e  a n a ly s is .  The sample s e le c t io n  may be b ia se d  toward c le a n e r  
sandstones w ith  le s s  s t r u c tu r a l ly  m od ified , f in e  g ra in ed  m a trix . This 
p o s s ib le  b ia s  was thought necessa ry  s in ce  i t  i s  e s s e n t ia l ,  fo r  a  meaning­
f u l  a n a ly s is ,  th a t  d e t r i t a l  g ra in  boundaries a re  c le a r ly  v i s ib le  o r can 
be e stim ated  by reco g n iz in g  secondary overgrow th.
Samples 50 and 51 a re  r e p re s e n ta t iv e  o f the Wolumla Conglomerate 
Member and th e  re d  bed sequence im m ediately o v e rly in g  i t .  TS 47 and 48 
re p re se n t the  upper Twofold Bay Form ation. In  ascending  s t r a t i g r a p h ic a l ly , 
TS 259 re p re s e n ts  th e  f i r s t  w e ll- s o r te d  sandstone which co in c id es  
rough ly  w ith  th e  l a s t  red  mudstone ho rizon  in  excess o f  5 f t«  By 
d e f in i t io n ,  TS 239 th u s  re p re s e n ts  th e  base o f th e  B e l lb ird  Creek 
Form ation, which i s  c h a ra c te r iz e d  by g reen  and brown sh a le s . The lower 
B e l lb ird  Creek Form ation in c lu d e s  numerous h o rizons o f  grey and w hite 
conglom eratic  s u b - la b i le  a r e n i te s  (Crook, 1960), which a re  re p re se n te d  
by TS 148 and 245« TS 106, 131 > 132 re p re se n t w e ll- s o r te d  to  b e t te r  
s o r te d  sandstones from th e  upper B e l lb ird  Creek Foim ation, TS 131 and 132 
b e in g  taken from th e  very  upperm ost two h o rizons o f  th e  B e l lb ird  Creek 
Form ation. The B e l lb ird  Creek and th e  Worange P o in t Form ation a re  
sep a ra te d  by an e ro s io n a l su rfa ce  a t  th e  Worange P o in t type s e c tio n  JS4, 
and TS 67 re p re s e n ts  th e  b a sa l Worange P o in t Form ation, w hile TS 75 i s  
taken  from a  h o rizo n  s t r a t ig r a p h ic a l ly  50 f t .  above i t .  The s t r a t ig r a p h ic
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p o s i t io n s  o f  a l l  samples a re  summarized, in  Table 20. Due to  d i f f i c u l t i e s  
in  a c c u ra te ly  reco g n iz in g  rock fragm ent g ra in  boundaries in  some l i t h i c  
a r e n i t e s ,  th e  s iz e  a n a ly s is  o f  TS 106 and TS 132 i s  based on q u a rtz  
g ra in s  on ly .
Using Packham’ s ( 1955) method and a  L e itz  in te g r a t in g  s ta g e , 
cum ulative g ra in  s iz e  d i s t r ib u t io n  curves a re  re c o n s tru c te d  fo r  th e  
Twofold Bay and Worange P o in t Form ation (F ig . 46 ) and th e  B e l lb ird  Creek 
Form ation (F ig . 47 ) .  Due to  d i f f i c u l t i e s  in  perform ing a cc u ra te  work 
a t  a given m a g n ific a tio n  on a wide range o f  a b so lu te  g ra in  s iz e  d ia m e te rs , 
th e  s lope  o f  th e  cum ulative cu rves up to  95$ cum ulative p e rcen tag e  on 
th e  f in e  end has been augmented by se p a ra te  coun ts  under 50 m a g n if ic a tio n . 
In  th e  c o a rse r  sam ples, maximum g ra in  s iz e  o b se rv a tio n s  a re  u t i l i z e d  to  
f ix  th e  s lo p e  down to  f iv e  cum ulative p e rc en t on the  co arse  end.
The s t a t i s t i c a l  param eters  o f  g raph ic  mean (Mz ) ,  in c lu s iv e  g rap h ic  
s tan d a rd  d e v ia tio n  ( d j ) ,  in c lu s iv e  g raph ic  skewness (SK j), g raph ic  
k u r to s is  (Kq) ,  and transfo rm ed  g raph ic  k u r to s is  (K£.) a re  c a lc u la te d  
fo r  each curve (T able 20) in  u s in g  Folk & Ward (195T) d e f in i t io n s .
Methods fo r  d is t in g u is h in g  d e p o s it io n a l environm ents 
Friedman C1961) method:
On the  b a s is  o f  some 25O re c e n t samples Friedman ( 1961) shows th a t  
moment m easures o f  g ra in  s iz e  d is t r ib u t io n  can be used  to  d is t in g u is h  
between dune, beach and r i v e r  sands. As i s  custom ary w ith  u n co n so lid a ted  
sed im ents, a l l  o f  F riedm an 's  s iz e  an a ly ses  have been done by s ie v in g .
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on th e  b a s is  o f  th in  s e c tio n  d a ta , a cum ulative frequency  curve which 
i s  comparable to  a  frequency curve o b ta in ed  by s ie v in g . Friedman (1962, 
F ig . 7) shows th a t  a  h ig h  degree o f  c o r r e la t io n  e x is t s  between th e  moment 
m easure o f  s tan d a rd  d e v ia t io n  and th e  in c lu s iv e  g raph ic  s tan d a rd  
d e v ia tio n  defin ed  by Folk & Ward (1957)• From th e  p o in t o f  view o f  th e  
environm ent o f  d e p o s it io n  th e  s tan d a rd  d e v ia t io n , which i s  a  measure o f 
th e  s o r t in g ,  i s  th e  most im portan t s t a t i s t i c a l  pa ram ete r.
The above-m entioned work i s  thought to  j u s t i f y  th e  d i r e c t  com parison 
g ra in  s iz e  d i s t r ib u t io n  p aram eters  o f  a n c ie n t ro ck s  (g rap h ic  m easures) 
to  th o se  o f  re c e n t sedim ents (moment m easures o r g raph ic  m easures) and 
th e reb y  hope to  o b ta in  some in d ic a t io n  o f  th e  most p ro b ab le  environment 
o f  d ep o sitio n  o f  th e  a n c ie n t ro ck s .
Friedman (1961, F ig . 4)» in  p lo t t in g  s tan d a rd  d e v ia t io n  v s . skewness 
(moment m easures), d e l in e a te s  a  boundary l in e  between beach and r iv e r  
sands which has been reproduced on F ig . 48» showing an eq u iv a len t p lo t  
o f  the  M errimbula Group samples (g raph ic  m easure). F ig . 49 and 50 a lso  
re p re s e n t  Friedman p l o t s ,  d is t in g u is h in g  between dune and r i v e r  sands 
and dune and beach sands r e s p e c t iv e ly .  These graphs id e n t i f y  TS 106 
and TS 239 as  beach sands (F ig . 4 8 ,5 ^ ) , whereas TS 131 and TS 132 f a l l  in to  
th e  dune sand f i e ld s  (F ig . 49*50). An in te r p r e ta t io n  o f  TS 67 and TS 75 
i s  le s s  c le a r - c u t ,  s in c e  they  p lo t  w ith in  r iv e r  sands (F ig . 48 )> dune 
sands (F ig . 50 ), and an o v e rlap p in g  f i e l d  o f  dune and r i v e r  sands 
(F ig . 49)* However, th e  dune sand p o s s ib i l i t y  i s  excluded fo r  TS 67 
and TS 75 by "the h ig h  co n ten t o f  la rg e  d e t r i t a l  m icas (up to  1-5^) and 
th e  p resence  o f  sh a le  c l a s t s  (up to  10 mm) in  b o th  sam ples. The fa c t  
th a t  TS 67 im m ediately o v e r l ie s  th e  dune sand TS 132 su g g es ts  th a t  bo th
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samples o f  the  b a sa l Worange P o in t Form ation (TS 67 , TS 75) re p re se n t 
r iv e r  sands which have been d e riv ed  from dune sands. This co n c lu s io n  
i s  supported  by t h e i r  h igh  k u r to s is  v a lu es  (Table 20), which in d ic a te  
th a t  th e  source m a te r ia l  su p p lied  a  w e ll-s o r te d  mode (Folk & Ward, 1957, 
p . 25) ,  here  ach ieved  in  an a e o lia n  environm ent, w hile  th e  f in a l  r i v e r  
environment was a much le s s  e f f e c t iv e  s o r t in g  a g en t.
A ll Twofold Bay Form ation sam ples, in c lu d in g  TS 50 , which re p re s e n ts  
the Wolumla Conglomerate Member, p lo t  w ith  r i v e r  sands (F ig . 48 ) o r  in  
th e  o v e rlap p in g  r i v e r  and dune sand f i e l d .  T he ir co arse  g raph ic  mean 
(Mz ) , and e sp e c ia l ly  th e i r  co a rse  t a i l s  (F ig . 46 )» maximum g ra in  s iz e  
and sh a le  c l a s t s ,  c e r ta in ly  excludes th e  dune p o s s ib i l i t y .
TS 148 and TS 245» re p re se n tin g  th e  l i g h t  co lou red  s u b - la b i le  
a r e n i te s  o f  th e  B e l lb ird  Creek Form ation, p lo t  in  th e  r i v e r  sand f i e l d  
(F ig . 48 ,49) in te rm e d ia te  between th e  r i v e r  and beach sands a lre a d y  
id e n t i f i e d .  Since on ly  th e  B e l lb ird  Creek Formation y ie ld s  m arine 
f o s s i l s ,  and s in ce  shallow  w ater m arine sands have s o r t in g  v a lu es  i n t e r ­
m ediate between beach and r i v e r  sands (F o lk , e t . a l . 1962, P-95)» th e  
Friedman p lo ts  in  re g a rd  to  TS 148 and TS 245 must be con sid ered  in con - 
v.** e lu s iv e .
' '-V.
The environm ental co n c lu s io n s  on th e  b a s is  o f  Friedman ( 1961) o f  
th e  tw elve samples an alyzed  a r e  summarized in  Table 21.
Comparison w ith  Mustang Is la n d  (Mason & Folk . 1958):
Mason & Folk (1 9 5 8 )9 in  an a ly z in g  th e  ranges o f  th e  in c lu s iv e  
g raph ic  skewness (SKj) and transfo rm ed  graphic  k u r to s is  (K£) o f  beach , 
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environm ent o f  d e p o s it io n  in  th a t  l o c a l i t y  can b e s t  be d i f f e r e n t ia te d  
by c o n s id e rin g  th e se  two p a ram ete rs , a lthough  c e r ta in  o v e rlap s  e x is t  
(T able 22).
I t  i s  in t e r e s t in g  to  compare th e  B e l lb ird  Creek Form ation sam ples 
TS 131» TS 132 and TS 106, TS 239* which have been id e n t i f i e d  a s  shore  
l i n e  d e p o s its  (Dunbar & Rodgers, 1957* P»67) by th e  Friedman (1961) 
method, w ith  th e  ran g es  re p o r te d  from Mustang Is la n d  (T able 22 ). In  
such a  comparison beach environm ent i s  suggested  fo r  TS 106, which i s  in  
agreem ent w ith  th e  Friedman (1961) method. TS 132 f a l l s  w ith in  th e  
o v e rlap  ranges and i s  in d e te rm in a te . On th e  b a s is  o f skewness, TS 132 
f a l l s  in to  th e  ’’p ro b ab le  beach” ran g e , which i s  in  disagreem ent w ith  
"dune sand” co n c lu sio n  o f  th e  Friedman (1961) method. C onsidering  th e  
s t r a t ig r a p h ic  p o s i t io n  o f  TS 131 and TS 132, and th e  r e g re s s iv e  t r a n s i t i o n  
between th e  upper B e l lb ird  Creek and lower Worange P o in t Form ation , i t  
i s  suggested  th a t  th e  ’’dune sands” (by Friedm an, 1961 method) TS 131*
TS 132 re p re se n t dune sands which have been d eriv ed  from beach sands 
d u rin g  t h i s  m arine re g re s s io n . TS 239 i s  in c o n c lu s iv e  when compared 
w ith  the  Mustang Is la n d  skewness and k u r to s is  ra n g e s . I t  i s  concluded 
th a t  a  comparison o f  th e  supposed sh o re lin e  samples o f  th e  B e l lb ird  Creek 
Form ation w i t h  th e  sedim ents a t  Mustang Is la n d  i s  h e lp fu l in  re g a rd  to  
th e  environment o f  d e p o s it io n  o f  th e  source m a te r ia l  s in ce  k u r to s is  
e s p e c ia l ly ,  and to  some e x ten t skewness, depend on in h e r i te d  p ro p e r t ie s  
o f  th e  lo c a l  source m a te r ia l  and a re  more in d ic a t iv e  o f  th e  ’’genealogy” 
o f  th e  given sedim ent th an  on i t s  f in a l  environm ent o f  d e p o s it io n  (F olk  
& Ward, 1937, p .2 6 ) .
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Standard d ev ia tion  versus k u r to s is :
Friedman (1961) concluded that k u rtosis  i s  l e s s  u se fu l in  
d if fe r e n t ia t in g  environments o f  dep osition  than the other grain  s iz e  
d is tr ib u tio n  parameters. The explanation underlying th is  em pirical fa c t  
has been mentioned in  the previous sec tio n .
I t  would n e v e r th e le s s  be o f  i n t e r e s t  to  compare th e  k u r to s is  v a lues 
o f  th e  M errimbula Group samples to  th o se  o f  re c e n t sed im en ts. F ig . 51 
o u t l in e s  v a rio u s  f i e ld s  o f  environm ent o f  d e p o s itio n  on a  k u r to s is  v e rsu s  
s tan d a rd  d e v ia tio n  p l o t ,  to g e th e r  w ith  th e  M errimbula Group sam ples.
The Twofold Bay and Worange Point Formation samples are w ell w ith in  
the r iv er  sand f ie ld .
The supposed s h o re lin e  samples TS 106, TS 239 > TS 131 and TS 132 
o f  th e  B e l lb ird  Creek Form ation f a l l  in to  th e  beach and dune sand f i e l d s ,  
o r  very  c lo se  to  i t .  With re g a rd  to  th e se  a n c ie n t rock," and fo llow ing  
Dunbar & Rodgers (1957» p»67), th e  term  " s h o re l in e ” i s  used  here  in  a 
g en e ra l sense w ith in  th e  mixed environment where c o n tin e n ta l  and m arine 
p ro cesses  o f  d e p o s it io n  a l t e r n a t e .  W ithin th i s  fram e o f  re fe re n c e  a 
s h o re lin e  d e p o sit i s  n o t r e s t r i c t e d  to  the  r e s u l t  o f  p ro c e sses  in  the 
extrem e i n t e r t i d a l  zone, bu t in c lu d e s  dime sands, lag o o n al sedim ents and, 
to  some e x te n t , d e p o s it io n  in  e s tu a r ie s ,  s in ce  shore  p ro c e sse s  s tro n g ly  
c o n d itio n  such sed im en ta tio n .
The u n c e r ta in  B e l lb ird  Creek samples TS 148 and TS 245 a re  w ith in  
th e  f i e l d  o f  shallow  w ater m arine sand. TS 148 p lo t s  a s  c lo se  to  th e  
beach f i e l d  a s  TS 239» w hile  th e  l e s s  w ell s o r te d  TS 245 has a h igher 
k u r to s is  v a lu e . C onsidering  th a t  th e  low er B e l lb ird  Creek Form ation 
re p re s e n ts  a  m arine t r a n s g re s s iv e  phase , i t  i s  tem p ting  to  conclude th a t
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th e  w hite  s u b - la b i le  a r e n i te s  (TS 148, TS 245) re p re se n t very  shallow  
m arine sands above wave b a se , which have in h e r i te d  a w ell so rte d  mode 
from th e  beach o r l i t t o r a l  environm ent d u ring  th e  tra n s g re s s iv e  phase .
The h ig h er k u r to s is  o f  TS 245 may be co n sid ered  a r e f l e c t io n  o f  th e  f a c t  
t h a t  le s s  e f f e c t iv e  s o r t in g  i s  ach ieved  in  very  shallow  m arine environm ent 
th an  in  th e  l i t t o r a l  o r  beach environm ent. This co n c lusion  i s  supported  
by c r o s s - s t r a t i f i c a t i o n  d ir e c t io n  o f N.5O E. in  bo th  sedim entary  u n i t s  
(TS 148, TS 245)» which re g io n a lly  re p re se n t a  l i t t o r a l  tre n d  p a r a l l e l  
to  th e  a n c ie n t s h o re l in e . The c r o s s - s t r a t i f i c a t i o n  d i r e c t io n  o f th e  
beach sample (TS 259) o f  th e  b a sa l B e l lb ird  Creek Form ation i s  a lso  ve ry  
s tro n g ly  toward N.40  E. Table 23 summarizes th e  environm ental co n c lu s io n s  
on th e  b a s is  o f  th e  s tan d a rd  d e v ia tio n  v e rsu s  k u r to s is  p lo t .
Sahu ( 1964) method:
On th e  b a s is  o f  re c e n t samples o f  known environm ent, Sahu ( 1964) 
proposes c e r ta in  d is c r im in a n t fu n c tio n s  fo r  th e  re c o g n itio n  o f environm ents 
which in c o rp o ra te  a l l  fo u r g ra in  s iz e  d i s t r ib u t io n  param ete rs . Sahu 
r e l i e s  on th e  g raph ic  m easures Mz , d ' p  SKj and Kq proposed by Folk & Ward 
(1957)» and most o f  h i s  samples were analyzed  by th e  s e t t l i n g  tube  
tech n iq u e . A lthough th e  Packham (1955) method o f  th in  s e c tio n  s iz e  a n a ly s is  
has n o t been d i r e c t ly  compared to  s iz e  a n a ly se s  done w ith  a s e t t l i n g  tu b e , 
i t  i s  necessa ry  to  t e s t  th e  M errimbula Group samples a g a in s t  Sahu’ s 
d isc r im in a n t fu n c tio n s , s in ce  in  bo th  case s  th e  same g raph ic  m easures 
a re  employed.
Table 24 summarizes such a t e s t ,  which i s  in  e x c e lle n t agreem ent 
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All Twofold Bay and Worange Point Formation samples are classed as 
"fluvial". It is interesting to note (Table 24, column 3) that the 
uppermost Twofold Bay Formation samples (TS 47 and TS 48) and the lower­
most Worange Point Formation sample (TS 67) are closest to Sahu’s mean 
value of -IO.44 (- 3»15 one standard deviation).
As in the Friedman and subsequent subsidiary methods, the Bellbird 
Creek samples TS 106 and TS 239 prove to be beach deposits, while TS 131 
and TS 132 are identified as aeolian deposits (Table 24, columns 5 to 8).
As in the previous methods, the Bellbird Creek samples TS 148 and TS 245 
are more problematical (Table 24, columns 4 to 5)* One discriminant 
function labels both as "shallow water marine" while another one 
indicates "beach" environment. But even this seeming contradiction is 
easily reconciled by the suggestion put forward previously which classifies 
the white sub-labile arenites of the Bellbird Creek Formation (TS 148,
TS 245) as very shallow marine to deep littoral, which were derived from 
proper beach sands during the transgressive phase.
The Folk & Ward helix (1957)
Introduction:
A possible additional method for discriminating between major 
environments of deposition based on the helical relationship of Folk & 
Ward (1957) is developed below.
Unimodal grain size distribution is an inherent analytical property 
of log normality. For such a distribution the graphic measures of grain 
size distribution have the following values: (Mz - graphic mean;
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Mo -  Mode;6^j -  in c lu s iv e  g raph ic  s tan d ard  d e v ia tio n ; SKj -  in c lu s iv e  
graphic skewness; Kq -  g raphic  k u r to s is ) .
Mz = Mo
= independent v a r ia b le  n u m erica lly  n o t f ix e d  
SKj = 0 
Kq m 1 .0 .
However, th e  re v e rs e  s ta tem en t does no t n e c e s s a r i ly  h o ld , fo r  
unimodal d i s t r ib u t io n  may conceivab ly  be non -log  normal and seem ingly 
unimodal d i s t r ib u t io n s  a re  o f te n  skewed o r peaked. I t  has been shown 
th a t  skewness i s  a p p a re n tly  environment s e n s i t iv e  (e .g .  Friedm an, 1962, 
p.743)» s in ce  i t  can be used to  d is t in g u is h  beach and dune sands.
Extreme peakedness (k u r to s is )  has been shown to  be r e la te d  to  in h e r i te d  
inodes from th e  source m a te r ia l  (Folk & Ward, 1957» p .2 6 ) .
With th e  a d d itio n  o f a  second mode, o r in  th e  g en era l bimodal c a se , 
th e  s t a t i s t i c a l  g ra in  s iz e  param eters d i f f e r  from th e  id e a l  unimodal lo g  
normal d is t r ib u t io n  and vary  s y s te m a tic a lly  w ith  reg a rd  to  th e  two modes 
(Mox and MOy), depending on th e  p e rcen tag e  o f  each one o f th e  modes 
p re sen t (F ig . 5 2 ), a s  shown by Folk & Ward (1957)-
Simple harmonic m otion an a lo g y :
Folk & Ward (1957) have shown in  t h e i r  p io n eer study on th e  bimodal 
Brazos R iver b a r sedim ents th a t  6 ' j- and SKj a re  ou t o f  phase s in u so id a l 
fu n c tio n s  o f  Mz (ph i u n i t s )  which, in  th e  bimodal c a se , i s  a  measure o f 
the  p e rcen tage  o f  each mode p re s e n t .  I f  i t  i s  accep ted  a s  an em p irica l 
f a c t  th a t  <5^j- and SKj v a r ie s  w ith  Mg expressed  in  0 (p h i) u n i t s  a s  th e
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s in e  tr ig o n o m etr ic  fu n c tio n , th e  m athem atical framework w ith  re g a rd  to  
sim ple  harmonic m otions can be a p p lie d  to  th e  Folk & Ward h e lix  in  o rd e r 
to  d is t in g u is h  between environments o f  d e p o s itio n .
The s tan d a rd  d e v ia tio n  (cfj) v a r ie s  between th e  modes Mox and Mby 
l ik e  th e  s in e  o f  Mz , whereby th e  p e r io d  i s  Moy -  Mox =AMo. Skewness 
(SKj) v a r ie s  between th e  modes Mox and Mo  ^ a lso  l ik e  th e  s in e  o f  Mg., 
has th e  same p e rio d  a Mo , bu t i s  J  p e r io d  (o r 90° o r ^ / 2 )  ou t o f phase 
(F ig . 52)» The su p e rp o s itio n  o f two harmonic m otions a t  r ig h t  ang les 
g iv es  L is s a jo u s ' f ig u re s  in  th e  two dim ensional p ro je c t io n . The geom etric 
n a tu re  o f  L is s a jo u s ' f ig u re s  depends on th e  r a t io  o f  p e rio d s  and the  
phase d if fe re n c e  between th e  o rth o g o n a lly  su p erp o sitio n ed  harmonic 
m otions (F u rry , P u rc e ll  & S t r e e t ,  1952» p p .212-215)» The am plitudes o f 
th e  su p e rp o sitio n ed  harmonic m otions in f lu e n c e  th e  r e l a t i v e  dim ensions 
o f  th e  given L is s a jo u s ’ f ig u re s  o n ly .
The tw o-dim ensional L is s a jo u s ’ f ig u re  o f  G'j v e rsu s  SKj re p re se n ts  
an e l l i p s e  (F ig . 55)» s in ce  th e  r a t i o  o f  th e  p e rio d s  (T = AMo ) i s  1:1 
and s in ce  th e  phase d if fe re n c e  i s  o th e r  th an  zero o r -|T. The sem i-m ajor 
and sem i-m inor axes o f  t h i s  e l l i p s e ,  whose le n g th  depends on th e  
am plitude  o f  th e  harmonic m otions and th u s  on th e  skewness and s tan d ard  
d e v ia tio n  range (^-ASK and -g-Atf), a re  p a r a l l e l  to  th e  re fe re n c e  ax es , 
s in c e  th e  phase d if fe re n c e  i s  (F ig . 53)» The th ree -d im en sio n a l
r e la t io n s h ip  i s  th a t  o f  an e l l i p t i c a l  h e l ix .
I t  i s  custom ary to  o b ta in  L is s a jo u s ' f ig u re s  by geom etrical 
c o n s tru c tio n  (F u rry , P u rc e ll  & S t r e e t ,  1952» p .2 1 2 ) , bu t in  th e  case  o f 
th e  SKjversus (T r e la t io n s h ip  i t  i s  com paratively  easy to  prove 
a lg e b r a ic a l ly  th a t  th e  r e s u l t in g  L is s a jo u s ' f ig u re  i s  an e l l ip s e .
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Analogous to  sim ple harmonic m otions, 
& Ward eq u a tio n s  i s  a s  fo llo w s:
0% = iA tf 'a in  f  £ £ .  (Mz “ Mox ) l
1 L AMo A
SKT = 4  A SK s in  P M .  (mz “ Mox ) 
L4M o
th e  g en era l form o f  th e  Folk
+ C <T 0 )
■ £"] + CSK (2)
*J
S ince , by d e f in i t io n ,  th e  co sin e  and s in e  o f  an an g le  a re  90° out 
o f  p h ase , (sin«C + A = co s« c ), equation  (2) can be r e -w r i t te n  a s  fo llo w s;
SKj = iA S K  cos -  Mox ) J  + C3K (3)
where O' a n d  SKj a re  th e  g iven  co rrespond ing  s tan d a rd  d e v ia tio n  and 
skewness. ^  and ASK re p re se n t th e  range of s tan d a rd  d e v ia tio n  and 
skewness due to  th e  g iven  b im o d a lity . AMo re p re s e n ts  th e  p h i d if fe re n c e  
between the  two modes MOy and Mox . The c o n s ta n ts  and Cg^ f ix  th e
zero value  o f  th e  tr ig o n o m etr ic  fu n c tio n s  on th e  s tan d a rd  d e v ia tio n  and 
skewness sc a le s  and th u s  re p re se n t th e  c o -o rd in a te s  o f  th e  a x is  o f  the  
Folk & Ward h e lix .
The equatio n s  ( l )  and (3) a re  r e - w r i t te n  a s :
« 1  - r  = s i n f 2 % (m -  Mox ) l (4)
[A  Mo J
SKj - CgK = oos f i A  (M - M o J (5)
i  A SK [A Mo
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I t  i s  then r ea d ily  apparent hy the trigonom etric id e n t ity  sin'oC + cos^cC = 1 
that i f  equations (4 ) and (5 ) are squared and added together we obtain
whereby the constants and CgK are the co-ord inates o f i t s  cen tre, 
and ASK represent the major and minor axes o f  the e l l ip s e .
This e l l ip s e  reduces to a c ir c le  o f  radius r (x 2 y^ = r^) i f  
= -g-ASK = r .  Equation (6) a n a ly t ic a lly  d efin es the two-dimensional 
p lo t  o f  skewness versus standard d ev ia tion , as reported by Polk & Ward 
(1957, P ig . 18).
K urtosis i s  r e la ted  to the Folk & Ward h e lix  analogous to the 
ad d ition  o f  two harmonic motions o f the same period in  the same p lan e, 
which a lso  r e s u lt s  in  a simple harmonic motion.
Thus, the two-dimensional p lo t o f  standard deviation  ((Xj) versus  
k u rto sis  (Kq) and skewness (SKj) versus k u rtosis  (Kq) a lso  represent 
L issa jo u s’ f ig u r e s , which are much more complex sin ce  the harmonic 
v a r ia tio n  o f  Kq. versus Mz c o n s is ts  o f  two symmetric parts o f  
period T *= -J-a Mq w ith  referen ce to Mox and MOy and depends on a continuously  
changing phase angle prim arily  governed by and ASK.
The environment o f  d ep o sition  and the L issa jo u s1 e l l ip s e :
I t  has been sa id  th at the v a st m ajority o f  natural grain s iz e  
d is tr ib u tio n  i s  not lognormal (Friedman, 1962, p .7 4 3 )> although most 
d is tr ib u tio n s  approach lognoim ality  to some degree. Since Folk & Ward (1957)
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have shown how a bim odal d i s t r ib u t io n  d e v ia te s  from a unimodal lognorm al 
d i s t r ib u t io n ,  i t  seems rea so n ab le  to  assume th a t  a  good percen tag e  o f 
th e  non-lognorm al d is t r ib u t io n s  a re  bim odal, f o r  th e  g en era l bimodal 
case  r e p re s e n ts  th e  s im p le s t p h y s ic a l a l t e r n a t iv e  once th e  unimodal 
lognorm al case  i s  r u le d  o u t.
The L is s a jo u s ' e l l i p s e  (eq u a tio n  6) fu rn ish e s  a  rough g raph ic  
method to  t e s t  a  s e r ie s  o f  samples fo r  a bimodal d i s t r ib u t io n .  Such a 
t e s t  w il l  be su c c e ss fu l p rov ided  th e  p h i d if fe re n c e  between modes (4  Mo) 
i s  about th e  same in  a l l  samples and prov ided  th a t  th e  in c luded  unimodal 
o r near-unim odal sam ples from th e  g iven  sedim ents re p re se n t th e  l im i t in g  
modes o f  th e  sameAMo. Equation (6) in c lu d e s  fo u r  unknowns, o f  which 
th e  c o n s ta n ts  Cg- and Cgj^  should  be environment s e n s i t iv e .  These 
c o n s ta n ts , which re p re s e n t  the  c o -o rd in a te s  o f  th e  c e n tre  o f  a  given 
L is s a jo u s ’ e l l i p s e ,  a re  more l ik e ly  n ea r th e  mid p o in t o f th e  known 
s tan d a rd  d e v ia tio n  (Ad") and skewness ranges (a sk ) o f  th e  g iven  env iron­
m ent. Since i t  i s  known th a t  A<T and ASK vary  co n s id e ra b ly , depending 
on th e  environm ent, th e  m idpoint and i t s  c o -o rd in a te s  C(f and Cgg 
should  a lso  vary  a c c o rd in g ly . The c e n tre s  o f  two given L is s a jo u s ’ 
e l l ip s e s  o f  two g iven  environm ents should have a g re a te r  a b so lu te  
s e p a ra tio n  (o r l e s s  o f  an a b so lu te  o v e rlap ) th an  th e  ne ighbouring  l im i t in g  
v a lu es  o f  s tan d a rd  d e v ia t io n  and skewness o f  th e  two environm ents, fo r  
th e  c o -o rd in a te s  Cg- and Cgj  ^ a re  removed from th e  boundary l in e  o r 
o v erlap  a re a  by a d is ta n c e  which depends on th e  m idpoint o f  th e  known 
A(T and ASK ranges and onAMo, th e  p h i d if fe re n c e  between modes. At a 
g iven  A Mo two environm ents o f  s im ila r  s tan d a rd  d e v ia tio n  range (A<T 
b u t d i f f e r e n t  skewness range (ASK) may p lo t  on th e  same L is s a jo u s ’ 
e l l i p s e ,  b u t in  d i f f e r e n t  q u ad ran ts  o f  i t .
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The absolute values of ASK and A(T depend on the environment of 
deposition and onAMo. The ratio of a SK/a (T depends on A Mo only. The 
mathematical expression of this relationship is not simple, since the 
variables Mz and are expressed in terms of (0) phi units (negative 
logarithm of base two of a scalar length unit)-
If the ratio of a SK/a <t can be estimated, it is possible to reduce 
the Lissajous’ ellipse to a circle by allowing graphically for this 
ratio in terms of a scale factor on one of the co-ordinate axes. Then 
the constants and Cg£ can be solved simultaneously by finding the
circle which fits the greatest number of points in terms of an estimate 
of the least square error. The error of each co-ordinate of the centre 
of the circle C$ (or Cg^) is twice the error of <Tj (or SKj) with 
reference to a radius passing through a point, for equation (6) includes 
a squared term for each variable ( (Tj and SKj) (Fig. 54)«
Procedure for application: (Lissajous* ellipse method)
(1) Sample sediments of bimodal character for which a common environ­
ment of deposition is suspected. A minimum of six samples is 
required, since generally there will always be a circle through 
three points, provided they are not on a straight line. A minimum 
of five points out of six should correlate with the final Lissajous1 
circle within a reasonably small error. A greater number of samples 
is obviously preferable in order to reduce the number of correlations 
to the customary 2/3»
(2) Sample portions within sediments of seemingly maximal and minimal 
sorting and seemingly extreme skewness values. Also include inter-
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mediate bimodal samples. If the (0) phi difference between modes 
can be estimated, compare samples of different 4 Mo to the rest of 
the samples of unknown a Mo separately. In order to minimize the 
possibility of plotting samples of different AMo together, avoid 
initially comparison of samples of known different source material.
(3) Plot standard deviation versus skewness for each sample on an 
arithmetic graph paper with a SKj and O'j- scale ratio of 1:1. Use 
only moment measures (Friedman, 1961) or inclusive graphic measures 
(Folk & Ward, 1957) which have been obtained from a probability 
ordinate cumulative curve.
(4) From the above plot attempt to estimate the centre of the Lissajous* 
ellipse. Depending on sampling and on special environmental con­
ditions, this plot may only outline half to one quarter of an 
ellipse. If such a plot outlines a curved trend only it may mean 
that this trend represents less than -J- of a Lissajous' ellipse, and 
additional samples of substantially different SKj and (Tj- values
are required. In choosing additional samples, consider the 
concavity of the initial curved trend.
(5) Having approximately fixed the centre of the Lissajous1 ellipse, 
estimate the semi-major and semi-minor axes in terms of SKj and
units. Compute the ratio a SK/a #' from these estimates and 
replot all data on an arithmetic graph paper in which the computed 
a SKjA ö" ratio is incorporated on one of the ordinates as a scale 
factor.
(6) Find best fitting circle on re-plot of SKj versus cfj- (Step 5) and 
estimate error of each point, as shown on Fig. 54*
-  211
(7) Compare c o -o rd in a te s  (Cgj£ an^ Cfl"), in c lu d in g  e r ro r  o f  c e n tre  o f 
L is s a jo u s ’ c i r c l e  (S tep 6) to  ranges o f  th e  same c o -o rd in a te s  o f 
known environm ents and deduce most p robab le  environment o f  d e p o sitio n  
o f  sampled sedim ents (F ig . 55)*
The L is s a jo u s 1 e l l i p s e  and g ra in  s iz e  a n a ly s is  o f  th e  M errimbula Group:
Data from th in  s e c tio n  s iz e  a n a ly s is  i s  p robab ly  more s u i ta b le  
fo r  th e  L is s a jo u s ’ e l l ip s e  method o u tl in e d  above, s in ce  i t  i s  con fined  
to  a d e f in i te  s iz e  range and may th u s  ten d  to  minim ize th e  p o s s ib i l i ty  
o f  p lo t t in g  samples o f  r a d ic a l ly  d i f f e r e n t  aMo . Since aMo and th e  
environment o f d e p o s it io n  a re  th e  main u n d e rly in g  v a r ia b le s  in  t h i s  
method, th e  chances o f  o b ta in in g  a reaso n ab ly  c o n s is te n t  conclusion  w ith  
reg a rd  to  th e  environm ent a re  enhanced.
Although th e  sam ples o f  th e  B e l lb ird  Creek Form ation have been 
shown to  re p re se n t beach , dune and shallow  w ater m arine environm ent, i t  
i s  o f  i n t e r e s t  to  app ly  t h i s  method to  them, s in ce  a l l  samples a re  
c la s s e d  a s  e i th e r  beach sand o r  d e riv ed  from beach sand. F ig . 54A 
re p re s e n ts  t h i s  a p p l ic a t io n ,  u s in g  a  s c a le  f a c to r  o f a <S"= 2 ASK. The 
maximum le a s t  square  e r ro r  component o f  Cg^ re p re se n ts  5 ^  ° f  th e  
ra d iu s ,  w hile  th a t  o f  C<r i s  26/o. The c o r r e la t io n  i s  th u s  ve ry  poor 
in  re g a rd  to  skewness and poor in  re g a rd  to  s tan d a rd  d e v ia tio n . The 
maximum e r ro r  e s tim a te s  a re  based  on f iv e  ou t o f  s ix  samples and th e  
s tan d a rd  o f  good c o r r e la t io n  i s  th e re fo re  perhaps u n n e c e ssa r ily  h ig h , 
e sp e c ia l ly  s in ce  i t  r e p re s e n ts  an e s tim a te  o f  th e  maximal e r ro r .
Applying th e  method under th e  same c o n d itio n s  to  th e  Twofold Bay 
and Worange P o in t Form ation sam ples (F ig . 54B) "the e r ro r  in  Cg^
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r e p re s e n ts  159& o f  th e  ra d iu s ,  w hile  th a t  o f  O p  i s  0f t .  T his c o r r e la t io n  
may be c la s s e d  a s  good w ith  re g a rd  to  skewness, and very  good w ith  reg a rd  
to  s tan d a rd  d e v ia t io n . As re q u ire d  by th e  n a tu re  o f L is s a jo u s ’ f ig u re s ,  
th e  g raph ic  mean Mz g e n e ra lly  fo llo w s a coun ter-c lo ck w ise  p a th , w ith  
in c re a s in g  s iz e .  T his i s  in  agreem ent w ith  Folk & Ward’ s (1957» F ig . 14) 
clockw ise r o ta t io n ,  due to  an in v e r te d  cho ice  o f  re fe re n c e  ax es .
F ig . 55 r e p re s e n ts  an a ttem p t to  e s tim a te , on th e  b a s is  o f  known 
s tan d a rd  d e v ia tio n  and skewness ran g es , th e  f i e l d  boundaries between 
environm ents in to  which th e  c e n tre s  o f  th e  L is s a jo u s ’ e l l ip s e  should f a l l .  
C onsidering  known ranges o f  th e  N orth A tla n tic  c o n tin e n ta l  s h e l f ,  th e  
•'very shallow  w ater m arine f ie ld "  should p robab ly  be la rg e r  (H ubert,
1964)« The a x ia l  c o -o rd in a te s  o f  th e  Folk & Ward h e lix  o f th e  Brazos 
R iver sedim ents (4ö^= 1.5 dSK), which re p re se n ts  th e  c e n tre  o f  th e  
L is s a jo u s ’ e l l i p s e ,  f a l l s  w e ll w ith in  th e  " r iv e r  sand" f i e l d  (F ig . 55)*
The e r ro r  o f  th e  c o -o rd in a te s  i s  very  la rg e , s in ce  tw o -th ird s  o f  th e  
samples have a la rg e  A Mo range from 3 .6  to  5»1 0 (Folk & Ward, 1957»
p . 10) .
The s t a t i s t i c a l l y  w e ll- f ix e d  c e n tre  o f  th e  Twofold Bay and Worange 
P o in t Form ation L is s a jo u s ’ e l l ip s e  (F ig . 543) a lso  p lo t s  w ith in  th e  
" r iv e r  sand" f i e l d  (F ig . 55) and th e  most p ro bab le  environment o f  
d e p o s it io n  o f th e se  two Devonian fo rm ations i s  th u s  f l u v i a l .  This i s  in  
agreem ent w ith  th e  co n c lu sio n s  reached  w ith  th e  Friedman and Sahu method.
The c e n tre  o f  th e  B e l lb ird  Creek Form ation L issajous* e l l ip s e  p lo ts  
in  th e  c ru c ia l  re g io n  where dune, beach and shallow  w ater m arine f i e ld s  
o v e rla p , which cou ld  conce ivab ly  be expected s in ce  th e se  samples re p re se n t 
a l l  th re e  environm ents acco rd in g  to  th e  Friedman & Sahu method ( F ig .55)*
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However, th e  la rg e  e r r o r  (F ig . 54A) and th e  p o o rly  d e fin ed  counterclockw ise 
p a th , w ith  in c re a s in g  Mz , su g g es ts  th a t  i t  does no t re p re se n t a s in g le  
L issajous*  f ig u r e .  I t  i s  i n t e r e s t in g  to  n o te  th a t  th e  beach samples p lo t  
in  th e  lower l e f t  quadrant o f  th e  e l l i p s e ,  w hile  th e  dune samples in  
th e  upper l e f t  one. T his u n d e r lin e s  th e  r e a l  geom etric p o s s ib i l i t y  th a t  
a t  a  g iven  AMo, two environm ents o f  s im ila r  s tan d a rd  d e v ia tio n  range 
(ACT) may p lo t  on th e  same L is s a jo u s ’ e l l i p s e ,  bu t in  d i f f e r e n t  q u ad ran ts , 
p ro v id ed  the  skewness range ( A SK) d i f f e r s .
C onclusions and g e n e ra l a p p l ic a t io n s :
The a p p lic a t io n  o f  the  L issajous*  e l l ip s e  method to  th e  Twofold 
Bay -  Worange P o in t Form ation samples s tro n g ly  sup p o rts  a  f lu v ia l  
environm ent co n c lu s io n  d e riv ed  from th e  Friedm an, Sahu and o th e r  methods.
With re g a rd  to  th e  B e l lb ird  Creek Form ation, and due to  th e  low 
number o f  sam ples, th e  L is s a jo u s 1 e l l ip s e  method does no t fu rn ish  
s p e c if ic  environm ental co n c lu s io n s  such a s  dune, beach and shallow  
w ater m arine, which have been d e riv ed  from an a p p lic a t io n  o f th e  Friedman 
and Sahu methods, bu t i t  i s  in  g en era l agreem ent w ith  th e  im plied  
sh o re lin e  im p lic a tio n  o f  mixed o r  m arginal environm ent.
The in tro d u c tio n  o f  th e  L issajous*  f ig u re  concept to  a l l  mutual 
tw o-dim ensional s c a t t e r  p lo ts  o f  s tan d ard  d e v ia t io n , skewness and 
k u r to s is ,  i s  thought to  be a  p rom ising  to o l  in  in te r p r e t in g  th e  i n t e r ­
r e la t io n s h ip  o f  th e se  s t a t i s t i c a l  param eters a s  a  fu n c tio n  o f  th e  g raph ic  
mean (M ) a t  a  g iven  in term odal p h i-d if fe re n c e  (-AMo ) .  Analogous to  
o rth o g o n a lly  superim posed harmonic m otions, th e se  s c a t te r  p lo ts  o u t l in e  
L is s a jo u s ’ f ig u re s  w ith  changing Mz . The com plexity  o f L issajous*
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f ig u r e s  i s  p r im a r i ly  a fu n c tio n  o f  phase r e la t io n s h ip  and p e rio d  r a t i o  
o f  th e  superimposed harmonic m otions (F ig . 53 )* These c o n s id e ra tio n s  
p ro v id e  an a n a ly t ic a l  mean to  in te r p r e t  complex in te r - r e la t io n s h ip s .
In th e  id e a l  bimodal case  th e  r e s u l t in g  L is s a jo u s ' f ig u re  i s  an e l l ip s e  
whose c e n tr a l  c o -o rd in a te s  a r e ,  a t  g iven  A Mo, s e n s i t iv e  to  th e  
environm ent o f  d e p o s it io n , p rov ided  th e  s tan d ard  d e v ia tio n  ranges ( /UT" 
d i f f e r  between th e  g iven  environm ents. I f  skewness ranges a re  c h a ra c te r ­
i s t i c  o f  g iven  environm ents, such environm ents may p lo t  in  d i f f e r e n t  
qu ad ran ts  o f  th e  L is s a jo u s ’ e l l i p s e ,  p rov ided  th a t  A Mo and A<T 
a re  about th e  same. The L issajous*  f ig u re  concept i s  in  p r in c ip le  a lso  
a p p lic a b le  to  complex polymodal g ra in  s iz e  d i s t r ib u t io n ,  except th a t  
th e  r e s u l t in g  f ig u re s  a re  much more complex.
Id e a l ly ,  i t  may e v en tu a lly  p ro v id e  a  s e r ie s  o f  argum ents in  re g a rd  
to  in h e r i te d  p ro p e r t ie s  from th e  source m a te r ia l  and in  re g a rd  to  th e  
i s o la t io n  o f  sy stem a tic  m ethodolog ical e r r o r s .  In  th e  Ih im odal case  i t  
should  e v e n tu a lly  be p o s s ib le  to  c a lc u la te  d i r e c t ly  e i th e r  th e  modal 
p h i d if fe re n c e  ( 4 Mo) o r  th e  two modes (Mox and MOy) from th e  fou r 
g ra in  s iz e  d i s t r ib u t io n  p a ram ete rs . These r e la t io n s h ip s  need to  be 
developed fu r th e r .
Summary and environm ental co n c lu sio n s
In  re g a rd  to  th e  M errimbula Group samples s e le c te d  fo r  th in  se c tio n  
s iz e  a n a ly s is ,  th e re  i s  e x c e lle n t agreement between th e  environm ental 
co n c lu sio n s  reach ed  by th e  Sahu (1964) method and th o se  reached  by 
u t i l i z i n g  F riedm an 's  (1961) p lo t s  (Table 21 ) .  The Friedman method has 
been augmented by a  com parison w ith  th e  "Mustang I s la n d “ study and a
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Standard  d e v ia tio n  v e rsu s  k u r to s is  p lo t .  This a d d itio n  no t only- 
s tre n g th en e d  th e  co n c lu sio n  reached  by th e  Friedman method in  re g a rd  
to  th e  f in a l  environm ent o f  d e p o s it io n , but a lso  y ie ld e d  some in fo rm atio n  
concern ing  th e  p rev io u s  environm ent o f  th e  source m a te r ia l .  A ll th e se  
co n c lu s io n s  a re  in  acco rd  w ith  g en era l s t r a t ig r a p h ic  co nclusions which 
suggest a m arine t r a n s g re s s iv e  phase d u rin g  th e  Twofold Bay -  B e l lb ird  
Creek Form ation t r a n s i t io n  and a  sedim entaiy  re g re s s iv e  phase w hile  
ascen d in g  from th e  upper B e l lb ird  Creek Form ation to  th e  Worange P o in t 
Form ation. A newly developed method, based on th e  Folk & Ward (1957) 
h e l ix ,  confirm s th a t  th e  'Twofold Bay and Worange P o in t Form ations a re  o f 
f lu v i a l  o r ig in .
This g en era l agreem ent no t on ly  g re a t ly  f a c i l i t a t e s  an environm ental 
in te r p r e ta t io n  o f  th e  M errimbula Group, bu t may a lso  be o f o v e ra ll  
s ig n if ic a n c e  s in ce  th e  com parison i s  based on b o th  moment m easures and 
graphic m easures o f  a l l  fo u r commonly used  g ra in  s iz e  d is t r ib u t io n  
p a ram ete rs . The g rap h ic  and moment k u r to s is  m easures have been compared 
s e m i-q u a l i ta t iv e ly  o n ly , s in ce  t h e i r  d e f in i t io n s  exclude a d ire c t  
com parison o f  a b so lu te  v a lu e s . In  a d d it io n , t h i s  comparison in v o lv es  
th e  th re e  a v a i la b le  methods fo r  g ra in  s iz e  a n a ly s is ,  nam ely, s ie v in g , 
s e t t l i n g  tu b e s , and th in  s e c tio n  m easurem ents.
On th e  b a s is  o f  th e  p r in c ip le  o f  u n ifo rm ita ria n ism , and a p p a ren tly  
independent o f  m ethodo log ical c o n s id e ra tio n s , th e  most p robab le  env iron­
ment o f  d e p o sitio n  o f  th e  M errimbula Group sequence a t  Eden, N.S.W.
(T able 25) commences w ith  c o n tin e n ta l  d e p o s itio n  re p re se n te d  by th e  
Twofold Bay Form ation, p a sse s  over in to  a  mixed environment o f  sh o re lin e  
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Form ation, and f in i s h e s  w ith  th e  c o n tin e n ta l  d e p o sitio n  o f th e  Worange 
P o in t Form ation. The lower boundary o f  th e  B e l lb ird  Creek Form ation 
ro u ^ i ly  re c o rd s  th e  commencement o f  a  m arine tra n s g re s s io n  which was 
fo llow ed by a  sedim entary  re g re s s iv e  tre n d .
In  g en era l a l l  f i n a l ,  environm ental co n c lu sio n s  d e riv ed  from t h i s  
g ranu lom etric  a n a ly s is  a re  in  e x c e lle n t agreem ent w ith  th e  environm ental 
co n c lu sio n s  based on f i e l d  d a ta  such a s  sedim entary  s t r u c tu r e s ,  c ro s s ­
bedding d ire c t io n s  and o th e r  c y c l ic ,  more g en era l c o n s id e ra tio n s .
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RED BED CONSIDERATIONS
Colour s t a t i s t i c s
In tro d u c tio n :
The f re s h  and w eathered co lo u r o f  each sed im en ta tion  u n i t  (F ig . 8 ,
9» 10, Table 8 & 9) was a sc e r ta in e d  by com parison w ith  th e  rock co lou r 
c h a r t (Rock Colour C hart Committee, 1950* The co lo u rs  a re  summarized 
on F ig . 22 ,23 .
The co lo u r o f  f r e s h  rock  su rfa c e s  i s  s t a t i s t i c a l l y  d e a lt  w ith  h e re . 
In  th i s  trea tm en t i t  i s  assumed th a t  th e  co lo u r o f  a  given sample i s  
due to v a ry in g  co n ten t o f  pigm ent. S ince th e  Merrimbula Group re p re se n ts  
a re d  bed sequence, emphasis i s  p laced  on a su b d iv is io n  o f th e  warm 
co lo u rs  presumed to  be caused by v a ry in g  co n ten t o f red  pigm ent. The 
red  pigment i s  m ainly co n cen tra ted  in  th e  m a trix , e i th e r  f in e ly  
d issem inated  o r  s ta in in g  o th e r  p a r t i c l e s .
The in d iv id u a l co lo u r d e te rm in a tio n s  a re  grouped acco rd ing  to  
d ecreasin g  re d  p ig n en t co n ten t as fo llow s:
Colour GSA rock  
c o lo u r c h a r t
P ignen t co n ten t
1. P u rp le P & RP Maximal re d  p ignen t co n ten t
2. Red R Very h igh  to  h igh  re d  pigment 
co n ten t
3. Reddish brown 10YR6/2 ,5 YR6/ 4 
5YR5/2,5YR7/2
In te rm ed ia te  re d  pigment 
co n ten t
4 . Brown o th e r  YR Low re d  p ig n en t co n ten t
5. Green and yellow G,GY & Y No a p p re c ia b le  re d  pigment co n ten t 
v a ry in g  green pigment co n ten t
6. Grey o r  w h itish N No a p p re c ia b le  pigment co n ten t 
o f  any co lou r o th e r  than  b lack .
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The M errimbula Group rocks f a l l  in to  on ly  7 a d jac e n t segments o f 
th e  10 e q u a to r ia l  m ajor hues o f  th e  M unsell co lo u r sphere. The hues 
b lue  p u rp le  (PB), b lu e  (b ) ,  and b lu e  green (PB) a re  n o t re p re se n te d .
M errimbula Group:
The fo rm atin n a l co lo u r s t a t i s t i c s  o f  th e  M errimbula Group, based 
on measured fo o ta g e s , a re  summarized in  Table 26. Of th e  t o t a l  group,
39/° o f  th e  s t r a t a  i s  re d  o r p u rp le , 3l/° i s  brown, and 2t?/o i s  g re e n ish  o r 
grey . According to  th e  above co lo u r model, t h i s  im p lies  th a t  76$ o f 
th e  s t r a t a  c o n ta in s  a t  l e a s t  some re d  pigm ent.
In  th e  Twofold Bay Form ation, re p re se n tin g  a l lu v ia l  fan  environm ent, 
81^ o o f  th e  s t r a t a  has ve ry  h ig h  re d  pigment c o n te n t, w hile  on ly  10^ i s  
drab, 9/° i s  brown (T able 26 ).
The p a r a l ic  B e l lb ird  Creek Form ation c o n ta in s  only  4»9/° re d  o r 
p u rp le  s t r a t a ;  n e a r ly  50/o has no a p p re c ia b le  re d  pigment c o n te n t. I t  
w i l l  be shown th a t  th e  B e l lb ird  Creek Form ation re p re se n ts  a drab 
sequence, r e s u l t in g  from th e  p a r t i a l  re d u c tio n  o f  re d  pigm ent brought 
in to  th e  d e p o s it io n a l a r e a ,  e i th e r  penecontem poraneously o r  in  th e  course  
o f  l i t t o r a l  r e d i s t r ib u t io n  o f  th e  d e t r i t u s .
In  th e  Worange P o in t Form ation, re p re se n tin g  c o a s ta l  p la in  env iron­
ment, 61 /o o f  th e  s t r a t a  i s  re d  o r p u rp le , w hile  on ly  4/° i s  drab and 39/° 
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L itho logy  and c o lo u r :
The m ajor l i th o lo g ic a l  co lo u r modes fo r  each fo rm ation  may be 
summarized (Table 26) as  fo llo w s:
M errimbula Group Colour mode
Twofold Bay Form ation 
Conglomerate 
Sandstone
Shale and s i l t s t o n e
B e llb ird  Creek Form ation 
Conglomerate
Sandstone
Shale and s i l t s t o n e
Worange P o in t Form ation 
Conglomerate
Sandstone
Shale and s i l t s t o n e
re d  and p u rp le  (81$) 
re d  and p u rp le  (71$) 
m inor brown mode (2 2/o) 
re d  and p u rp le  (91$)
grey  o r  w h itish  ( 56$) 
re d d ish  brown and brown (37$) 
re d d is h  brown and brown (63$ ) 
m inor green  mode (21$)
g reen  (78$)
re d  o r p u rp le  (70$) 
m inor brown mode ( 27$ ) 
re d  o r  p u rp le  (46$) 
brown (48$ ) 
re d  (98$)
Colour and c u rre n t d ire c t io n :
The co lo u r o f  th e  s t r a t a  in  th e  B e l lb ird  Creek Form ation i s  
r e l a t e d  to  th e  p a la e o -c u rre n t d i r e c t io n  (Table 27)» For t h i s  purpose 
i t  i s  conven ien t to  group p u rp le , re d , re d d ish  brown and brown in te rb e d s  
a s  "re d  pigm ented s t r a t a ” and green and grey  ones a s  "drab s t r a t a "» 
Down-palaeoslope c u rre n t d ire c t io n s  a re  a s s o c ia te d  w ith  sed im en ta tion  
u n i ts  c o n s is t in g  o f  75$ re d  pigm ented s t r a t a  and 25$  drab s t r a t a  
(Table 2 7 ,2 8 ). C urrent d ir e c t io n s  p a r a l l e l  to  th e  p a laeo s lo p e  a re  
a s s o c ia te d  w ith  u n i t s  com prising  45$ re d  pigm ented s t r a t a  and 55$ drab 

































V O  c—pg
u n  Lfv 
C^M







Cd r H > ^  

























f t  <D

























cd f t  
H  o
Cd rH 
































































-  223 -
Ha
c— c— N~N «r- 4 t M3• • • • • •
























































> ß  
•H P  
03 03 
3  CDo b














































































































































































EHa-° Ra rQ  £aa Ra
rHCÖ



























































-  224 -
th e  p ro p o rtio n s  a re  65^ re d  p igm enif^strata  to  37$  drab s t r a t a . These 
p e rcen tag es  a re  in te r p r e te d  to  in d ic a te  th a t  th e  re d  pigment o r ig in a te d  
u p -p a laeo s lo p e  under t e r r e s t r i a l  c o n d itio n s , was tra n s p o r te d  down- 
p a lae o s lo p e  to  th e  p a r a l ic  environment o f  d ep o sitio n  o f th e  B e llb ird  
Creek Form ation and , depending on i t s  h is to ry  o f  m arine t r a n s p o r ta t io n ,  
was p ro g re s s iv e ly  reduced .
A ll o f  th e  M errimbula Group d e t r i tu s  c o n s is ts  o f te r r ig e n o u s  
m a te r ia l ,  b u t on ly  th e  B e l lb ird  Creek Form ation has both  a d ir e c t  
t e r r e s t r i a l  and a  lo n g -sh o re  sou rce , which i s  r e f le c te d  by n e a rly  equal 
p ro p o r tio n s  (Table 28) o f  re d  pigm ented and drab s t r a t a .
In  f a c t ,  th e  p re s e n t co lo u r o f  th e  s t r a t a  ( re d  pigment co n ten t) 
i s  shown to  be rough ly  a  fu n c tio n  o f  th e  co lo u r o f  th e  source m a te r ia l ,  
th e  t r a n s p o r ta t io n  h is to r y ,  and th e  f i n a l  environment o f  d ep o sitio n  
(T able 28 ).
C onclusions:
In  th e  case  o f  th e  M errimbula Group ( i . e .  given p a lae o c lim a tic  
c o n d it io n s ) ,  and depending on th e  f in a l  d e p o s it io n a l environment and 
t r a n s p o r ta t io n  h is to r y ,  th e  fo llo w in g  p e rcen tag es  o f  re d  pigment s t r a t a  
(p u rp le , re d , re d d ish  brown, brown) a re  g iven (T able 28):
F in a l D ep o sitio n a l 
Environment
F lu v ia l
T op-se t d e l ta ic  -  s u b a e r ia l  
and subaqueous 
L i t to r a l  and shallow  n e r i t i c  
Deeper n e r i t i c  and d e l ta  f ro n t
T ran sp o rta tio n  h is to ry  $  re d  pigmented 
p r io r  to  f in a l  depos- s t r a t a
i t i o n _____________________ (P,PR,R,YR)
T e r r e s t r i a l  More than  9Qjo
M ainly t e r r e s t r i a l ,
some m arine 63 to  75^
T e r r e s t r i a l  and m arine 45 to  5&/0
M ainly marine 25^
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In  th e  case  o f  th e  t e r r e s t r i a l  re d  pigm ented s t r a t a  th e  predom inant 
co lo u r modes a re  p u rp le , re d  and brown, w hile  in c re a s in g  le n g th  o f m arine 
tra n s p o r t  s h i f t s  th e  predom inant co lo u r modes to  red d ish  brown and brown. 
In  t h i s  c a se , a  green  co lo u r mode i s  a ls o  added p ro g re s s iv e ly . L i t to r a l  
d e p o s its , low in  m a tr ix , tend  to  be n e u tr a l  o r  g rey .
Time o f  form ation  o f  re d  pigment
Red pigment form ation  p r io r  to  d e p o s it io n :
In th e  case o f  th e se  Devonian re d  beds i t  i s  thought th a t  th e  re d  
p ignen t was brought to  th e  s i t e  o f  d e p o s it io n  w ith  th e  c lay  m a trix , s in c e  
the  t e r r e s t r i a l  mudstones (Table 26) a re  c o n s is te n t ly  red d e r than  th e  
a s s o c ia te d  san d sto n es. The fo llo w in g  p o in ts  s tren g th en  t h i s  co n c lu sio n :
(1) A ll sedim entary  ro ck s  (Twofold Bay Form ation and c l a s t i c  u n i t s  o f
L ochiel Form ation) d i r e c t ly  o v e rly in g  th e  Bega G ran ite , th e  Eden
R h y o lite , and th e  b a s a l t  u n i t s  o f  th e  L och ie l Form ation re p re se n t
re d  bed sequences. They a re  shown to  re p re se n t c o n tin e n ta l a l l u v i a l
o f
fan  d e p o s its  in  which m o st/th e  co a rse  sandstone and conglom erate 
u n i t s  a re  re d  o r p u rp le  (T able 2 6 ). The red  c o lo u ra tio n  fo llo w s th e  
la m in a tio n s .
(2) A ll sed im entary  rock  u n i t s  (Q uaran tine  Bay Member) o v e rly in g  th e  
M allacoota  Beds (O rdovician  metamorphic greywacke and s la t e )  a re  
not re d  in  th e  map a re a , a lth o u g h  th e y  a lso  re p re se n t c o n tin e n ta l  
d e p o s its .
(5 ) In  most a re a s  th e  c o n ta c t r e la t io n s h ip s  o f  th e  bed rock (g r a n i te ,  
r h y o l i t e ,  b a s a l t )  w ith  re s p e c t  to  th e  o v e rly in g  re d  bed sequences
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in d ic a te s  deep, p o s s ib ly  a n c ie n t w eathering  o f  th e  bed rock .
(4) The p e rcen tag e  o f  re d  u n i t s  in  th e  m arine subaqueous d e l ta ic  and 
t i d a l  f l a t  B e l lb ird  Creek Form ation i s  very  low (below 5rfo).
However, th e  p e rcen tag e  o f re d  pigm ented s t r a t a  i s  5O/0 (Table 28). 
R eduction o f  re d  pigment has occu rred  d u rin g  m arine tra n s p o r ta t io n  
from a t e r r e s t r i a l  source to  th e  s i t e  o f  d ep o sitio n  (Table 27).
(5) The su b a e r ia l  d e l ta ic  and f l u v i a l  sequence o f  th e  Worange P o in t 
Form ation re p re s e n ts  a  re d  bed sequence in  which a l l  f in e -g ra in e d  
u n i t s  a re  re d , b u t in  which a h ig h e r p e rcen tag e  o f sandstone and 
conglom erate u n i t s  a re  brown o r re d d ish  brown (Table 26 ).
(6) A ll sh a le  c l a s t s  in  co arse  u n i t s  o v e rly in g  re d  mudstones a re  re d .
A ll sh a le  c l a s t s  in  co arse  u n i t s  o v e rly in g  green o r brown sh a le  a re  
g reen  o r  brown, except a t  environm ental t r a n s i t io n  zones.
(7) In  th e  t r a n s i t i o n  zones between m arine and c o n tin e n ta l  environment 
where g reen , brown and re d  f in e -g ra in e d  u n i t s  a re  in te rb ed d ed , mixed 
g reen , brown and re d  sh a le  c l a s t s  occur.
(8) The d i s t in c t iv e  r h y o l i t e  fragm ents in  re d  beds, m easuring thousands 
o f  f e e t ,  a re  re d . Large d e t r i t a l  m icas a re  s ta in e d  a deep re d  c o lo u r.
(9) In sandstone u n i t s  th e  p ig n en t i s  co n cen tra ted  in  th e  m atrix  o f  th e  
f in e -g ra in e d  lam inae.
(10) The b a sa l ( r e s id u a l)  a rk o s ic  d e p o s its  o v e rly in g  th e  Bega G ran ite  
a re  b u ff  co lo u red  o r  brown o r  re d d is h , w h ile  th e  f r e s h  co lo u r o f 
th e  g ra n i te  i s  ty p ic a l ly  a  n e u tr a l  g rey .
The above p o in ts ,  to g e th e r  w ith  th e  "Colour s t a t i s t i c s "  in d ic a te  th a t
th e  te rr ig e n o u s  d e t r i t u s  o f  th e  Devonian s t r a t a  in c o rp o ra te d  th e  re d
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pigment, which was either preserved or reduced in the sediments, 
depending on the oxidizing conditions at the time and place of final 
deposition. In the continental deposits the red pigment was preserved. 
Under shallow water marine and tidal flat environmental conditions, with 
low rates of sedimentation, the red pigment was destroyed, presumably 
by reducing conditions. Under deltaic, paralic conditions it was 
partially preserved and partially destroyed, depending on marine sub­
aqueous or subaerial conditions. Under high energy conditions such as 
littoral and beach, the red pigment, which is largely concentrated in 
the fine matrix or originates from immature rock fragments susceptible 
to destruction by high energy abrasion, the unstable red rock fragments 
were differentially destroyed and the red pigment in the fine matrix was 
not deposited, due to winnowing processes.
It is concluded that the vast majority of the Devonian red beds in 
the map area represent primary detrital red beds (Krynine, 1949»1950)«
Reddened tops of volcanics:
The reddened tops of the subaerial ignimbrite and basalt flows 
(Smith, 1960; Walker, 1963) may conceivably have contributed to the 
amount of red pigment supplied to the depositional area of the overlying 
red beds.
(1) The top 100 ft. of the $00 ft. Eden Rhyolite cooling unit (JS3) 
is reddish brown, while the underlying 4^0 ft. is greenish grey.
(2) Some of the basalt units of the Lochiel Formation are purple or
reddish in colour.
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Since th e  Eden R h y o lite  su p p lied  a  s u b s ta n t ia l  amount o f th e  
d e t r i tu s  o f  th e  e n t i r e  M errimbula Group, and s in ce  th e  reddened top 
o f  th e  Eden R h y o lite  must have been eroded f i r s t ,  i t  i s  concluded th a t  
th e  c o lo u r o f  th e  u n d e rly in g  e ro d in g  rocks has c o n tr ib u te d  to  th e  f in a l  
re d  bed appearance o f  th e  M errimbula Group.
Minor lo c a l  re d u c in g  d e p o s it io n a l environm ents (? ) :
The fo llo w in g  f i e l d  o b se rv a tio n s  in d ic a te  th e  e x is te n c e  o f  minor 
lo c a l  red u c in g  environm ents o f  d ep o s itio n :
(1) At th e  Swimming Pool s e c tio n  (JS2) th e  b a sa l 2 to  4 f t*  o f  th e  
Twofold Bay Form ation d i r e c t ly  o v e rly in g  green  Eden R h y o lite , does 
n o t c o n ta in  re d  r h y o l i te  fragm ents. The re d  r h y o l i te  fragm ents 
come in  above th a t  b a sa l zone. The m atrix  o f  t h i s  zone i s  g re e n ish  
to  re d d ish .
(2) The b a s a l ,  p o s s ib ly  r e s id u a l  u n i t s  o f  th e  Lochiel Form ation, con­
s i s t i n g  o f  th e  u n d e rly in g  w eathered d e t r i tu s  o f  th e  Eden R h y o lite  and 
Bega G ran ite , a r e  brow nish, o r a t  b e s t re d d ish  brown, w hile  th e  
o v e rly in g  f l u v i a l  f in e -g ra in e d  and most o f  th e  co a rse -g ra in e d
u n i t s  a re  b r ig h t  re d  o r  p u rp le .
(3) Two o f  th e  f l u v i a l  u n i t s  n e a r th e  top o f  th e  Worange P o in t Form ation 
a re  green  (F ig . 10) and th e  reaso n s  fo r  t h i s  co lo u r change a re  n o t 
und ers to o d . C om paratively u n a lte re d  d e t r i t a l  b i o t i t e  has been 
no ted  in  th e se  two u n i t s  o n ly . These o b se rv a tio n s  a re  d i f f i c u l t
to  ex p la in  u n le s s  a d d i t io n a l  c lim a tic  o r complex geom orphological
v a r ia b le s  a re  in tro d u ce d .
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C onclusions:
On th e  b a s is  o f  th e  p reced in g  s e c tio n s  i t  i s  concluded th a t  th e  
red  pigm ent was d e riv ed  from th e  e ro sio n  o f  upland  re d  s o i l  and, to  a  
minor d eg ree , from th e  e ro s io n  o f  re d d ish  v o lcan ic  bed ro ck .
M il lo t ,  P ie r r ia u x  & Lucas ( 1961) e x p la in  th e  fo rm ation  o f  fe rru g in o u s  
sedim ents on c o n s ta n tly  renewed topograph ic  su rfa ce s  by h o t, a l t e r n a t in g  
c l im a tic  co n d itio n s  in te rm e d ia te  between tem perate  and humid t r o p ic a l  
c lim a te s . In  th e  case  o f  th e  Eden-Merrirabula re d  beds, l i t t l e  can be 
s a id  about a l t e r n a t in g  c l im a tic  c o n d itio n s . According to  Van Houten 
( 1961, 1964) ,  th e  re d  bed sequences o f  th e  L ochiel Form ation and 
M errimbula Group th u s  sp e c ify  th e  fo llo w in g  c lim a tic  co n d itio n s  (T ab le  29):
O xid iz ing ; favoured  by warm, dry c lim a te ; w e ll-d ra in e d  a re a s .
A ccepting  palaeom agnetic  d a ta  and some a n c ie n t c lim a tic  zoning  o f 
th e  e a r th , such p o s tu la te d  warmer c l im a tic  c o n d itio n s  a re  supported  by 
a Devonian p a la e o la t i tu d e  o f  15° ( I rv in g , 1962) fo r  th e  map a re a . The 
la r g e s t  warm and ex trem ely  a r id  re g io n  o f th e  world i s  d is t r ib u te d  
between 15° to  55° N and 15° to  30° S l a t i t u d e  (G reen, 1961, p .6 2 ) .
C la s s i f ic a t io n  o f  th e  Devonian re d  beds 
Prim ary d e t r i t a l  re d  b ed s :
Krynine (1949> p«60, and 1950»P»143) proposed th e  fo llo w in g  fo u r­
fo ld  c l a s s i f i c a t i o n  o f  re d  bed ty p es:
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(1) Red beds produced from red soils or primary red beds. The red 
pigjnent is developed by weathering in the source area of the future 
sediment at the expense of iron-bearing minerals (silicates or 
carbonates) and is incorporated directly into the resulting sediment, 
this can be done in three ways:
(a) After erosion and transport, producing Primary Detrital red beds.
(b) By local reworking of the regolith, producing Primary Reworked 
red beds.
(c) By lithification of the regolith without hardly any reworking 
at all, producing Primary Residual red beds.
(2) Red beds produced from non-red detritus by oxidation within the 
sediment itself.
(a) Immediately after deposition and before burial, producing Post 
Depositional red beds.
(b) After burial, emergence and deep sub-surface oxidation 
producing Post Diagenetic red beds.
(3) Red beds produced through the reworking of older red beds or Second 
Cycle, or Secondary red beds (generally eolian or glacial, less 
commonly aqueous).
(4) Red beds produced chemically by precipitation from a solution within 
the basin of sedimentation.
(a) Under marine conditions.
(b) Under fresh water conditions.
(c) Authigenically and intrastratally by infiltration within the
sediment.
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The Devonian re d  beds o f  th e  Eden-M errimbula a re a  a re  re d  beds 
produced from th e  e ro s io n  o f  re d  s o i l  and, a cco rd in g  to  Krynine (1949) * 
re p re se n t Prim ary Red Beds. The re d  pigment was derived  from re d  upland s o i l  
and , to  a  l e s s e r  e x te n t , from re d d ish  v o lcan ic  bed rock  in  th e  source 
a re a  (Eden R h y o lite , L ochiel B a sa lt and w eathering  Bega G ra n ite ) . The 
g re a t m a jo rity  o f  th e  re d  beds o f  th e  L o ch ie l, Twofold Bay and Worange 
P o in t Form ation th u s  re p re se n t prim ary d e t r i t a l  re d  beds (K rynine, 1949» 
1950)* Some very  m inor b a sa l p o r tio n s  o f  o rd e r  o f  m aximally a  few te n s  
o f f e e t  o f  th e  red  bed fo rm atio n s , p robab ly  re p re se n t prim ary reworked 
re d  beds o r  prim ary r e s id u a l  re d  beds (K rynine, 1949»1950)*
The drab beds o f  th e  B e l lb ird  Creek Form ation a re  th e  r e s u l t  o f  
re d u c tio n  which took p la c e  a t  v a rio u s  degrees in  th e  p lace  o f  d e p o sitio n  
in  shallow  w ater m arine, l i t t o r a l ,  d e l t a i c ,  t i d a l  f l a t ,  and p o ss ib ly  
p o lu d a l environm ent. The degree o f re d u c tio n  seems to  be m ainly a 
fu n c tio n  o f  th e  r e l a t i v e  r a t e  o f  d e p o s itio n  and th e  t r a n s p o r ta t io n  h is to ry  
o f  th e  o r ig in a l ly  re d  te r r ig e n o u s  d e t r i t u s .  In  th e  b e t te r  so r te d  h igh  
energy environm ent such as  n ea r sh o re , shallow  w ater m arine and l i t t o r a l ,  
th e  e lim in a tio n  o f  f in e -g ra in e d  re d  m a trix , due to  winnowing, may have 
c o n tr ib u te d  to  th e  p re se n t non-red  appearance.
Types o f  re d  b eds;
According to  Dunbar & Rodgers (1957) who u t i l i z e  K ryn ine 's  work 
in  c i t in g  s p e c if ic  ty p es  o f  re d  beds, th e  re d  beds o f  th e  L ochiel and 
Twofold Bay Form ations a r e  s im ila r  to  th e  a rk o s ic  red  beds o f  th e  
Newark ty p e , due to  t h e i r  a s s o c ia t io n  w ith  a  f a u l t  scarp  (see  S tru c tu ra l  
in t e r p r e ta t io n s ) .  The c r o s s - s t r a t i f i c a t i o n  mode o f  th e  Twofold Bay
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Formation, the basalt of the Lochiel Formation, and the relatively high 
feldspar and granite rock fragment content of both formations support 
this conclusion.
The red beds of the Worange Point Formation are of the Catskill 
delta type and represent the landward subaerial facies of a delta.
Most of the underlying Bellbird Creek Formation represent the subaqueous 
marine and tidal flat facies of the same delta where the red colour has 
been preserved to a minor degree only. (See also "Similar world-wide 
red bed facies").
Field classification of red beds:
Clark (1962) recently proposed a simple field classification of 
red beds as follows:
Descriptive classification:
(1) Shale-pebble conglomerates and associated mudstone.
(2) Red clay conglomerates and associated mudstone.
(5) Variegated red beds.
(4) Cinnamon red beds.
(5) Brick red beds.
(6) Pastel red beds.
(7) Spattered red beds.
Although the environment of deposition of the Devonian red beds at Eden 
has been deduced on the basis of a number of sediment characteristics 
other than colour, a definite relationship between the environmental 
interpretations and the general colour characteristics of the strata
-  235 -
emerged (Table 28).
(a) A ll f lu v i a l  d e p o s its  a re  predom inantly  p u rp le  o r re d  o r re d d ish .
(b) Most o f  th e  shallow  w ater m arine, l i t t o r a l ,  subaqueous d e l ta ic ,  
d e l ta ic  t i d a l  f l a t s  a re  n o t re d  in  c o lo u r.
C lark*s ( 1962) c l a s s i f i c a t i o n  o f  re d  beds i s  n o t p a r t i c u la r ly  
u s e fu l  s in ce  h is  environm ental in te r p r e ta t io n s  a re  extrem ely g e n e ra liz e d
d is c lo se s  any m ajor d isag reem ents w ith  C la rk 's  in te r p r e ta t io n s ,  
e sp e c ia l ly  w ithou t f i r s t - h a n d  knowledge o f  h is  s p e c if ic  examples.
Judging  from th e  d e s c r ip t io n ,  th e  red  bed sequence in  Eden may in c lu d e  
examples o f  v a ry in g  im portance o f  each o f  C la rk 's  ty p e s , except th e  
p o s t-d e p o s it io n a l one o f  " s p a tte re d  re d  b ed s" . The d erived  " sh a le -  
pebb le  re d  beds" type i s  lo c a l ly  g iven by th e  in tra fo rm a tio n a l conglom erate 
h o rizo n s  o f  th e  Worange P o in t Form ation. C la rk 's  ( 1962) comments in  
re g a rd  to  c o n c e n tra tio n s  o f  th e  Mn02 i s  o f  i n t e r e s t ,  s in ce  a few such 
th in  ho rizons have been no ted  in  Worange P o in t rocks n o rth  o f  M errim bula.
M olasse and p a r a l ic  sed im en ts:
A ccording to  P e t t i jo h n  (1957» p«620) th e  re d  bed o r non-red  bed 
m olasse a s s o c ia t io n  i s  n e i th e r  c o n tin e n ta l  n o r m arine, bu t b o th , and 
c o n s is ts  o f  sedim ents formed in  v a ry in g  lo c a l  environment such a s  beach, 
fo re sh o re , t i d a l  lagoon , r i v e r  channels w ith  p o in t b a r s ,  and backw ater 
swamps. " In  s h o r t ,  th e  a re a  o f  m olasse sed im en ta tio n  i s  a d e l ta ic  p la in  
and i t s  in la n d  e x ten s io n " .
On th e  b a s is  o f  th e se  c r i t e r i a ,  and th e  environm ents o f d e p o s itio n
and incom plete.
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p o s tu la te d  fo r  th e  M errimbula Group, th e  B e llb ird  Creek to  Worange P o in t 
sequence re p re s e n ts  a  ty p ic a l  m olasse a s s o c ia t io n .  M olasse d e p o s its  
re p re s e n t  a  p o s t-o ro g e n ic  sedim entary environm ent. The same sequence a t  
Eden i s ,  however, a ty p ic a l  in  two r e s p e c ts  -
(a ) i t  la c k s  ca lc a re o u s  and s i d e r i t i c  sandstone b o d ie s , and
(b) i t  does n o t o v e rly  a s u b s ta n t ia l  success io n  o f  o ff -sh o re  
m arine , g eo sy n c lin a l sedim ents (P e t t i jo h n , 1957» p .6 2 1 ).
The b a sa l 222 f t .  o f  th e  B e l lb ird  Creek Form ation, c o n s is t in g  o f  i n t e r -  
bedded n e r i t i c  and l i t t o r a l  d e p o s its , may be thought o f  a s  th e  th in  
landward e x ten s io n  o f  a  mio geo s y n c lin a l s e t t in g  a t  b e s t .
The t o t a l  M errimbula Group sequence may be c l a s s i f i e d  a s  p a r a l ic  
d e p o s its  (p e t t i jo h n ,  1957» p .6 2 1 ). However, s in ce  t h i s  study  has d is c lo se d  
a s e r ie s  o f  very  s p e c i f ic  environm ents o r environm ental tre n d s , th e  term  
" p a ra l ic "  i s  n o t p a r t i c u la r ly  in s t r u c t iv e  from a  te c to n ic  o r p a lae o - 
geographic p o in t o f  view.
T ec ton ic  -  geographic re d  bed f a c ie s :
Van Houten (1961, 1964) ,  in  develop ing  K ry n in e 's  (1948) and Dunbar 
& R odgers’ (1957) concep ts  (Table 2 9 ), c l a s s i f i e s  re d  bed f a c ie s  as  
fo llo w s:
( 1) D e lta ic  re d  beds in  m obile b e l t s  (m o lasse).
( 2 ) P iedm on t-valley  f l a t  re d  beds in  o rogen ic  b a s in s  o r  e longated  
a
fo redeeps in  f r o n t  o f  r i s i n g  m ountain ch a in s  (m o lasse ).
(2) P ied m o n t-v a lle t f l a t  re d  beds i n  grabens o r  a c t iv e ly  s in k in g  f a u l t
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(3) Coastal plain - tidal flat red beds on cratons.
Van Houten (1961) states that more than any other deposits, 
Gondwanaland red beds reveal the fallacy of attempting too rigorous a 
classification of sedimentary sequences.
Van Houten’s (1961, 1964) genetic classification requires that the 
detailed environment of deposition of a sedimentary sequence, as well as 
the general tectonic state of the given crustal segment at the given time 
is known.
_ _________ In mobile belts On craton____________________ _
1 Delta 2b Piedmont - valley flat
2a Piedmont - valley flat 3 Coastal plain - tidal flat
Van Houten’s (1961, 1964) classification is utilized in the facies 
interpretation of the Devonian rocks under the heading ’’Genetic facies 
classification of the Devonian strata”.
Similar world-wide red bed facies
General statement:
Elaborating on Van Houten (1961) and the red bed facies assigned 
below (pp.249-252), the following world-wide red bed sequences may be 
comparable in terms of tectonic framework and palaeogeographic environment 
to the Devonian rocks of the Eden-Merrimbula area. It should be noted 
that the Van Houten scheme does not incorporate climatic variables such 
as rainfall and the possibly changing distribution over a given interval 
of time. Very little can be said in this respect with regard to the 
subject Devonian strata.
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Eden Rhyolite - Mobile Belt - Piedmont-Valley Flat:
Similar volcanic sequences and other ignimbrites*:
Ignimbrites - Late Cainozoic, New Zealand
Numerous welded tuffs of western and southwestern United States 
Tuffs of Valley of Ten Thousand Smokes, Alaska 
Welded and rlyolitic tuffs, Southern Peru 
Montagne Pelee, Martinique
Intermediate ash flows from Japan, Costa Rica, El Salvador, 
Argentina, Russian Armenia and Western United States 
Tuffs of North Sumatra 
Brisbane tuffs, Queensland 
Sikhote-alin region, Siberia 
Tuffs of Snowdon, Wales 
Welded tuff, Lake District, England 
Welded tuffs of Corsica 
Porphyritic tuffs of Rotliegendes system 
Precambrian ignimbrites from Anbi Atlas region, Morocco 
Precambrian ignimbrites from Dalama region, Sweden 
Basement subsurface material in Texas 
Sudbury Basin, Canada.
Orogenic basin during final deformation of the geosyncline: Although
Eden Rhyolite consists predominantly of volcanic rocks, the following 
red beds may be comparable**:
Andean red beds Cretaceous and Cainozoic 
Bolivia to Colombia Red Molasse, Middle Cainozoic 
Switzerland Siwalik series 
Late Cainozoic India.
For references see volcanology issues of New Zealand Journal of 
Geology and Geophysics, Vol. 7 & 8, 19^4» 1965*
For references see Van Houten, 1961»
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Smaller intermontane basins after principal orogenic activity**:
Hazel Formation, Late Precambrian; Texas
Rotliegende and equivalent formations, Permian; Hercynian Basins, 
Germany, France, Great Britain
Permo-Pennsylvanian arkosic deposits; Ancestral Rockies Basin, 
Oklahoma to Colorado 
Andean red beds, Permian; Peru
Verrucano facies, Permo-Triassic; Southern boundary of Hercynian 
Chain, Southern Europe
Early Cainozoic deposits; Rocky Mountain Basins, Wyoming to 
New Mexico; Central Mexico 
Middle Cainozoic deposits, Ebro Basin, Spain,
Lochiel and Twofold Bay Formation - Piedmont-Valley Flat - Graben**:
This fault basin, transitionally between "Mobile Belt" and "Craton" 
setting suggests a particular similarity to Gondwana red bed facies -
Northern Rhodesia - Karroo system
India - equivalent deposits to Karroo system.
Other typical, but exclusively Devonian arkosic graben red beds, 
are included in the following sequences:
Old Red Sandstone; 
Old Red Sandstone; 










Other than Devonian, arkosic graben deposits from the Precambrian 
to the present have been described from the Great Lakes region, Texas, 
Northwest Territories, eastern Newfoundland, Scotland, Norway, Sweden, 
South Africa, China, Eastern North America, Gobi Desert, Southern 
California and France (Van Houten, 19619 p.96).
Bellbird Creek and Worange Point Formation - Mobile Belt - Deltaic 
red beds**:
Bays Formation, Middle Ordovician; Tennessee 
Juniata and Queenston Formation, Late Ordovician; New York, 
Tennessee
Medina Formation, early Silurian; New York 
Bloomsburg and High Falls Formation, late Silurian; New York 
to Virginia
Catskill facies, Middle and Late Devonian; New York to Virginia 
Bedford shale, early Mississippian; Ohio 
Upper part of Shikhotse series, Permian; North China 
Late Jurassic and early Cretaceous deposits; eastern Gulf Coast 
Ephraim Formation, early Cretaceous; southwestern Vfy-oming and 
adjacent Idaho
Variegated parts of Wayan Formation, Cretaceous; southwestern 
Wyoming and adjacent Idaho 
Variegated Cainozoic deposits of Burma 
Upper Devonian, Central New South Wales.
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TECTONIC CONSIDERATIONS AND STRUCTURAL INTERPRETATIONS
In the Eden-Merrimbula area dating of all stratigraphic units, 
except the Bellhird Creek Formation, is tentative. No attempt is 
therefore made to relate the episodes of deformation listed below to 
those regionally recognized in New South Wales.
Pre-Eden Rhyolite Deformation
This deformation must be classed as a major orogenic folding phase, 
as expressed by the structural elements observed in the Mallacoota Beds 
and the widespread angular unconformity on top of them. The high degree 
of deformation of the Mallacoota Beds (Ordovician), in particular the 
style of folding and the existence of multiple lineations, is discussed 
briefly in the section covering these Ordovician rocks. In general, 
the degree of deformation is similar to that of pre-orogenic Mobile Belt 
flysch deposits around the world, which are particularly common in the 
Lower Palaeozoic. This orogenic episode, which was accompanied by major 
regional granitic intrusion, is thought to have given rise to a north- 
south mountain chain to the west, resulting in an irregular but easterly 
dipping depositional slope in the map area.
Post-Eden Rhyolite pre-Lochiel deformation
The contact between the Eden Rhyolite and overlying Devonian strata 
(Lochiel and Twofold Bay Formation) is classed as an unconformity, on 
the basis of angular discordance and partial erosion of the Eden Rhyolite. 
The top of the Eden Rhyolite had considerable topographic relief at the
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tim e o f  th e  d e p o s it io n  o f  th e  o v e rly in g  s t r a t a  which, to  a la rg e  e x te n t , 
mimicked th e  r e l i e f  on top o f  th e  O rdovician  unconform ity , due to  th e  
in h e re n t sp read in g  and co o lin g  mechanism o f  ig n im b rite  sh e e ts . T his 
r e l i e f  was a cc e n tu a te d  and m odified  by post-E den R h y o lite  e ro s io n a l 
p ro c e sse s .
I t  i s  th e  w r i t e r 's  b e l i e f  th a t  th e  n a tu re  o f  th e  post-Eden R h y o lite  
p re -L o ch ie l deform ation  does not in v o lv e  fo ld in g , but was r e s t r i c t e d  to  
f a u l t in g  and re g io n a l ,  con tinued  d i f f e r e n t i a l  u p l i f t  and subsidence.
I f  p re -L o ch ie l fo ld in g  took p la ce  i t  i s  p robab ly  o f  minor s c a le  and 
im portance.
This deform ation  th u s  f a l l s  in to  a  p o s t-o ro g en ic  c la s s ,  o r may 
c o n s t i tu te  th e  f in a l  s tag e s  o f  deform ation  o f  th e  p reced in g  m ajor o rogen ic  
phase ta k in g  p la c e  in  a  t e r r e s t r i a l  foredeep  o f  th e  m ountains to  th e  
w est, o r  in  an in term ontane b a s in . Continued minor u p l i f t  in  th e  w est, 
which was accompanied by minor g r a n i t i c  in t r u s io n  f u r th e r  e a s t ( i . e .
Gabo Is la n d  G ran ite ) i s  p a r t i a l l y  re sp o n s ib le  fo r  th e  an g u lar d isco rdance  
between th e  Eden R h y o lite  and o v e rly in g  s t r a t a .
I s o la te d ,  g e n tly  c o n c e n tr ic  fo ld in g  in  th e  Eden R h y o lite , which 
does n o t appear to  co n tin u e  in to  th e  o v e rly in g  s t r a t a ,  may have been 
caused by d i f f e r e n t i a l  com paction and w elding o f th e  ig n im b rite  s h e e t, 
o r sim ply re p re se n ts  a  post-D evonian deform ation  which d ie s  out up- 
s e c t io n .
Some o f  th e  numerous n o rth -so u th  sh ear zones in  th e  Eden R h y o lite , 
which do not co n tin u e  in to  th e  o v e rly in g  s t r a t a ,  may re p re se n t b u r ie d  
sca rp s  on th e  O rdovician  unconform ity . These zones became shear zones 
du rin g  th e  c o o lin g  o f  th e  ig n im b rite  sh e e t, due to  c o lla p se  and
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differential compaction and welding, which must take place on top of 
such topographic features.
The roughly north-south and steeply easterly dipping Pilot Fissure, 
Hidden Treasure Fissure, Diorite Fissure, and Draper’s Shear (Hall, 1957) 
may represent such buried Ordovician escarpments which, during the post- 
orogenic pre-Lochiel minor differential uplift phase, became loci of 
additional movements, since these Ordovician escarpments probably 
represent fault scarps related to the main pre-Eden Rhyolite north-south 
orogenic movements.
The fact that these shear zones are dipping to the east is in 
good agreement with the postulated easterly dipping regional depositional 
slope of the Eden Rhyolite. Some of the shear zones swing toward a 
more easterly strike in their northern extensions. Toward the north 
the strike of the depositional slope may have swung locally toward the 
east, following the present outcrop pattern of the Bega Granite and the 
resulting swing of the Carne Range. This easterly swing of some of the 
shear zones is therefore interpreted to reflect minor topographic detail 
on the Eden Rhyolite depositional slope.
Post-Eden Rhyolite deformation contemporaneous with the 
deposition of the Lochiel Formation
The deposition of the Lochiel Formation was initiated by the 
development of an asymmetrical graben which cuts across the north-south 
orogenic trend of the Mallacoota Beds. This graben, which may be 
related to the Berridale Wrench Fault (Lambert & White, 1965)» trended 
roughly east-west to northwest-southeast, is presently delineated by 
the folded Ordovician unconformity in the south of the map area, which
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strikes approximately N 285 E to N 500 E. The development of this 
asymmetrical graben resulted in a northerly dipping fault scarp whereby 
the northern down-thrown block provided the depositional area for the 
alluvial fan of the Lochiel and Twofold Bay Pbrmation rocks. This fault 
scarp was active during Lochiel time, when it was accompanied by basaltic 
extrusion on the down-thrown side. Minor normal movement along the same 
fault scarp may have continued during Twofold Bay time.
This graben development was associated with minor east-west and 
northwest-southeast faulting such as the east-west fault displacing the 
Pilot Fissure, the northwest shear zone at the Black Creek deposits, 
and possibly the northwest fracture zone in the Sugarloaf area (Hall, 1957)- 
The northeast vertical Brassnocker Fissure may represent a complimentary 
set. The fact that the east-west fault at the Pilot Fissure displaces 
this north-south shear zone indicates the younger age of these graben 
features, as compared to the north-south structures in the Eden Rhyolite.
In addition, the northwesterly shearing direction of Draper's Shear may 
indicate that most Eden Rhyolite Foimation north-south weaknesses were 
modified by movements parallel to the postulated graben in a sinistral 
sense.
Change of the Twofold Bay - Bellbird Creek depositional slope
On the basis of the above arguments, the folded Ordovician uncon­
formity is referred to as the Devonian Twofold Bay Fault Scarp.
The change of the local northerly dipping depositional slope of the 
Twofold Bay Formation to the southeasterly slope of Bellbird Creek
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Fonnation poses a d i f f i c u l t  problem . T his change took p la c e  p r io r  to  
and d u rin g  th e  m arine tra n s g re s s io n  and th e  in u n d a tio n  o f  th e  Twofold Bay- 
a l l u v i a l  fan .
At l e a s t  th re e  re g io n a l te c to n ic  models may be suggested:
(1) The c o lla p se  a lo n g  th e  p o s tu la te d  graben d u rin g  Twofold Bay tim e
had a r o ta t io n a l  component, th a t  i s ,  normal movement in  th e  s o u th e a s t , 
which presum ably re p re se n te d  th e  margin o f  the  Devonian c o n tin e n t 
was o f  a g r e a te r  m agnitude than  in  th e  w est where th e  n o r th -so u th  
m ountain ch a in s  were in  e x is te n c e . I f  th e  graben were asym m etrical 
a  hinge l in e  tow ard th e  n o r th , w ith  minimal movement, cou ld  th en  
have r e s u l te d  in  a sou thw estern  d e p o s it io n a l slope o f  th e  B e l lb ird  
Creek Form ation.
(2) Movement a lo n g  th e  graben f a u l t  scarp  e s s e n t ia l ly  ceased  by Twofold 
Bay tim e , and th e  d e p o s itio n  o f  th e  Twofold Bay a l lu v ia l  fan o r  
f a u l t  b a s in  f i l l  e s s e n t ia l ly  r e s to re d  a re g io n a l g e n tle  e a s te r ly  dip 
which was s lo p in g  down from th e  w estern  m ountains. The lo c a l  sou th ­
e a s te r ly  d e p o s it io n a l slope  re p re s e n ts  th e  so u th ea s te rn  margin o f  a  
rough ly  e a s t-w e s t im b r ic a tin g  d e l ta  complex d e riv in g  d e t r i tu s  from 
th e  w este rn  m ountains.
(3 ) The f a u l t  scarp  and graben development o f  th e  Twofold Bay F a u lt had 
c o n sid e ra b le  l a t e r a l ,  s i n i s t r a l  movement. This a l t e r n a t iv e  assumes 
th a t  th e  Twofold Bay F a u lt Scarp re p re se n ts  a  n e a r ly  e a s t-w e st 
branch  o f  th e  B e r r id a le  Wrench F a u lt (Lambert & W hite, 1965)» which 
i s  p o s tu la te d  to  te rm in a te  a t  D isa s te r  Bay. The B e rr id a le  Wrench
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F a u lt  has a s i n i s t r a l  s t r i k e  s e p a ra tio n  o f  about 7 m ile s , which i s  
taken  from d isp la c e d  g ra n i te  b o d ie s , On th e  down-thrown s id e  o f  
th e  B e r r id a le  F a u lt b a s a l t s  a lso  occu r, which ap p a ren tly  te rm in a te  
a g a in s t  th e  f a u l t  scarp  s im ila r  to  th e  L ochiel Form ation se tu p .
W ith a n o r th -so u th  pre-Eden R h y o lite  m ountain chain  to  th e  w est, 
such a movement would tend  to  b r in g  more lo w -ly in g  topography 
in to  th e  m ajor p a r t  o f  th e  map a re a , th u s  p ro v id in g  th e  d e p o s it io n a l 
a re a  fo r  th e  m arine to  mixed environm ent B e llb ird  Creek Formation 
fo llo w in g  t r a n s i t i o n a l ly  th e  c o n tin e n ta l  a l lu v ia l  fan s  o f  the  
L ochiel and Twofold Bay Form ations.
Uneven surface of deposition with considerable topography 
and the Berridale Wrench Fault
In  many ways p o s s ib i l i t y  TTo. 5 above i s  very  a t t r a c t i v e ,  b u t 
i t  a lso  poses a  problem . During tra n s g re s s io n  such a movement may g ive  
r i s e  to  g ra n i te  c o a s ta l  c l i f f s  in  th e  sou thw est, which would conven ien tly  
ex p la in  th e  w ell-docum ented, lo n g -sh o re  g ra n i te  source in  the  southw est 
(F ig . 2 4 ) .  I f  th e  c e n tr e  l in e s  o f th e  p re se n t o u tc rops o f  th e  Eden 
R hyo lite  in  th e  Eden-M errimbula a re a  and th e  M allacoota sh ee t a re  com­
pared  w ith  re fe re n c e  to  th e  p o s tu la te d  Twofold Bay F au lt Scarp, a s t r ik e  
s e p a ra tio n  o f  app rox im ate ly  8 m iles  i s  o b ta in ed , which i s  in  good 
agreem ent w ith  the  7 m ile  d isp lacem ent a long  th e  B e rr id a le  Wrench F a u lt .  
This would a lso  e x p la in  th e  sh ea rin g  p a r a l l e l  to  th e  graben. On the  
b a s is  o f  geom orphological l in e a r  elem ents o n ly , th e  B e rr id a le  Wrench 
F a u lt ,  which i s  thought to  have been a c t iv e  s in ce  l a t e  S ilu r ia n  o r e a r ly  
Devonian, i s  p o s tu la te d  to  te rm in a te  a t  D isa s te r  Bay. C onsidering  th a t
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several suggestions have la t e ly  been put forward in  New South Wales 
w ith regard to Cainozoic rea c tiv a tio n  o f  palaeozoic fa u lt  zones 
(S ta u ffer , 1964) ,  i t  i s  concluded that the D isaster  Bay term ination o f  
the B erridale Fault may very w ell represent the Cainozoic r e a c tiv a tio n , 
whereas the Twofold Bay Fault Scarp may c o n stitu te  the o r ig in a l Devonian 
trend o f  the B errida le  F au lt.
The displacement o f  the Eden R hyolite on e ith er  s id e  o f  the fa u lt  
scarp r a is e s  the problem whether the f i r s t  order Twofold Bay Anticlinorium  
(F ig . 2) in terp re ta tio n  i s  s tr u c tu r a lly  v a lid . This f i r s t  order 
anticlinorium  may ju st as w e ll r e f le c t  non-planar topography. The 
surface o f  d ep osition  could have had an a n t ic l in a l  shape which, a fte r  
the pre-Permian fo ld in g , conveys the im pression o f  an an ticlinorium .
This a lte r n a tiv e  stru ctu ra l in terp re ta tio n  o f  the assumed p o st-  
Devonian pre-Permian f i r s t  order Twofold Bay Anticlinorium  in  turn r a ise s  
the very r ea l question  o f  the extent to which other postu lated  f i r s t  and 
second order fo ld s  (F ig . 2) may r e f le c t  uneven surfaces o f  d ep osition .
A consideration  o f  present topography, the irregu lar  o u tlin e  o f  fo ld s ,  
and about 10-15$ anomalous stru ctu ra l dips (F ig . 2) in  the basal Upper 
Devonian stra ta  su ggests th at th is  a lte r n a tiv e  must be taken ser io u s ly .
In gen era l, i t  may be concluded that the f i r s t  and second order 
fo ld s  r e f l e c t ,  to some ex ten t, north-south topographic highs and low s, 
prim arily on top o f  the Ordovician unconformity, but mimicked on top 
o f  the Eden R hyolite a ls o .  This topography has been in h er ited  from the  
pre-Eden R hyolite north-south  orogenic phase which b u ilt  th is  Devonian 
mountain chain by g r a n itic  in tru sio n  and deformation o f  the M allacoota
Beds.
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Post-D evonian pre-Perm ian deform ation
L i t t l e  can be added to  th e  s t r u c tu r a l  in te r p r e ta t io n  o f  th e  
Devonian rocks p u t forw ard g e n e ra lly  by H all (1957)» He c h a ra c te r iz e d  
th e  s ty le  defo rm ation  a s  p lung ing  m erid io n a l fo ld s  o f  s e v e ra l o rd e rs , 
which ten d  to  have s te e p e r  e a s te rn  lim bs and more g e n tly  d ip p in g  w estern  
on es. The whole g e n e ra l s t ru c tu re  i s  m odified  somewhat by c ro s s ­
w arping in  th e  form o f  a  broad e as t-w est f le x u re  (H a ll, 1957)* P re se n t
t » m erid iona l
f i e l d  mapping (P ig . 2)  d e l in e a te s  numerous su ch /fo ld s  o f  a t  l e a s t  fo u r
o rd e rs  o f  m agnitude, and e s s e n t ia l ly  confirm s H a l l 's  p ic tu r e .  Hundreds
o f  c leavage  re a d in g s  e s ta b lis h e d  th a t  th e  c leavage in  th e se  Devonian
ro ck s re p re s e n ts  e s s e n t ia l ly  an a x ia l  p lan e  c leav ag e . The f a c t  th a t
some o f  th e  low -order p o s tu la te d  fo ld s  may r e f l e c t  uneven su rfa c e s
o f  d e p o s it io n  has been d iscu ssed  p re v io u s ly .
Some minor n o r th -so u th  f a u l t s  a lo n g  th e  c o a s t seem to  be d i r e c t ly  
a s s o c ia te d  w ith  th e  fo ld in g . The Pambula E stuary  T h ru st, f i r s t  d e sc rib ed  
h e re , i s  p robab ly  r e l a t e d  to  th i s  fo ld in g  p h ase , bu t p re s e n t f i e l d  
evidence does no t e s ta b l i s h  a  pre-Perm ian  age fo r  t h i s  movement.
Many o f th e  o th e r  minor f a u l t s  could  e i th e r  be o f  p re -P erm ian  o r  
post-M iddle  T e r t ia ry  age.
Post-M iddle T e r t ia ry  deform ation
The Quondola F a u l t ,  mapped by th e  w r i te r ,  d isp la c e s  T e r t ia ry  
d e p o s its  (see  Appendix I ,  T e r t ia ry  d e p o s its )  and p re s e n tly  may be d a ted  
a s  post-M iddle  T e r t ia ry  o r  younger. H a l l 's  b a sin  f a u l t  i s  p robab ly  o f
6 P
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the same age (Hall, 1957)« Both of these faults strike northwest- 
southeast. Some of the coastline patterns and associated minor faults, 
plus other geomorphological features, indicate the possibility of young 
faults trending both northwest-southeast and northeast-southwest.
These trends are essentially the same as the faults associated with the 
Lochiel graben, and one wonders whether some of these ancient zones of 
weaknesses were not reactivated in comparatively recent time.
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INTERPRETIVE SUMMARY
Genetic facies classification of the Devonian strata 
General statement:
Van Houten's (1961) genetic classification of red bed sedimentary 
facies within their tectonic framework and palaeogeographic environment 
is difficult to apply unless the tectonic framework is well known* In 
addition, it is hard to distinguish between ’Piedmont valley flat 
deposits’ of MOBILE BELTS and CRATONS (Van Houten, 1961, p.94)* The 
following field relationships and tectonic considerations must be kept 
in mind.
The Mallacoota Beds were folded prior to the Eden Rhyolite and 
the Devonian sequence at the Eden-Merrimbula area forms part of a mobile 
belt. This belt suffered some deformation in post-Eden Rhyolite and 
pre-Lochiel time (Middle or Lower Devonian, Hall, 1957)» All of the 
Devonian strata was folded in pre-Permian time. The Gabo Island Granite 
is intrusive into the Eden Rhyolite (Hall, 1957)« The Loehiel-Merrimbula 
sequence nonconformably overlies the Bega Granite. The Bega Granite, the 
Eden Rhyolite and, to some extent, the Lochiel Formation are cut by dykes.
At Eden, the Eden Rhyolite represents welded ash flow tuff 
(ignimbrite) which was deposited under subaerial terrestrial condition.
In the Eden-Merrimbula area its basal thin Quarantine Member is shown 
to represent a talus slope to alluvial fan deposit. This Member does not 
represent a red bed facies, which may be due either to the exclusively 
Ordovician metamorphic source terrain or to more moderate climatic 
condition at the commencement of Devonian deposition in the map area.
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O utside o f  th e  map a re a ,  a t  Goalen P o in t , th e  Eden R h y o lite  i s  u n d e r la in  
by f o s s i l i f e r o u s  re d  beds (H a ll, p e r s .  commun.). A lthough th e  v a s t 
m a jo rity  o f  th e  Eden R h y o lite  sequence i s  v o lc a n ic , an  in te r p r e t iv e  
sedim entary  f a c ie s  w i l l  be a ss ig n e d  to  i t  on th e  b a s is  o f  th e  Q uarantine 
Member and th e  Goalen P o in t re d  beds.
On th e  b a s is  o f  Van Houten*s (1961, 1964) c l a s s i f i c a t i o n ,  th e  
p re se n t study su g g ests  th e  f a c ie s  co n c lu s io n s  l i s t e d  below:
Eden R h yo lite  and a s s o c ia te d  e l a s t i c s ;
Mobile B e lt -  Piedmont v a l le y  f l a t  -  M olasse -  Orogenic b a s in : 
D eposited  in  th e  t e r r e s t r i a l  p a r t  o f  an e lo n g a ted  fo re -d eep  in  f ro n t  o f  
r i s i n g  m ountain ch ain s a t  th e  m argin o f  an a c t iv e ly  deformed b a s in  a t  th e  
tim e o f  f in a l  deform ation  in  which a c id ic  v o lc a n ic  ro ck s  r e p re s e n t  th e  
v a s t  m a jo rity  o f  e x tru s iv e s .
M olasse -  In term ontane b a s in  (A lte rn a tiv e  c l a s s i f i c a t i o n ) :  D eposited
in  sm aller b a s in s  w ith in  m ountain system s a f t e r  th e  p r in c ip a l  o ro g en ic  
a c t i v i t y  (p rov ided  th e  in t r u s iv e  r e la t io n s h ip  o f  th e  Gabo I s la n d  G ran ite  
in to  th e  Eden R h y o lite  i s  o f  m inor lo c a l  s ig n if ic a n c e  o n ly ) .
L ochiel Form ation:
Mobile B e lt -  Piedmont v a l le y  f l a t  -  Graben: Red beds accum ulated
in  a c t iv e ly  s in k in g  f a u l t  b a s in s  and a s s o c ia te d  w ith  b a s ic  v o lc an ic  
rocks a f t e r  th e  main deform ation  o f  th e  g e o sy n c lin a l m ountain system .
Twofold Bay Form ation:
M obile B e lt -  Piedmont v a l le y  f l a t  -  Graben: C ontinued re d  beds
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accumulated, in  a c t iv e ly  s in k in g  f a u l t  b a s in  a f t e r  th e  main deform ation  
o f  th e  geo s y n c lin a l m ountain system .
B e llb ird  Creek F orm ation:
M obile B e lt -  D e lta ic  n o n -red  beds -  M olasses Renewed geo s y n c lin a l 
development and o rogen ic  a c t i v i t y  ( ? ) .  Red pigment i s  p re se rv e d  in  s i t e  
o f  d e p o s it io n  to  a  v e ry  m inor degree o n ly , due to  n o n -o x id iz in g  and 
p a r t ly  m arine subaqueous c o n d itio n s .
C raton -  C oasta l p la in  -  T id a l f l a t  (A lte rn a tiv e  c l a s s i f i c a t i o n ) :
(see  d isc u ss io n  below ).
Worange P o in t Form ation:
M obile B e lt -  D e lta ic  re d  beds -  M olasse: Continued renewed geo­
s y n c lin a l development and o ro gen ic  a c t i v i t y  ( ? ) .  Red pigm ent i s  
p redom inantly  p re se rv e d  in  s i t e  o f  d e p o s it io n , due to  s u b a e r ia l  c o n d itio n  
and very  l i t t l e  v e g e ta t io n .
Craton -  C oasta l p la in  -  T id a l f l a t  (A lte rn a tiv e  c l a s s i f i c a t i o n )
(see  d isc u ss io n  below ).
The Krynine ( 1949) ,  Van Houten (1961) scheme v i r t u a l l y  r e q u ir e s  
the  p o s tu la t io n  o f  renewed g e o sy n c lin a l development and o ro gen ic  a c t i v i t y  
d u rin g  B e l lb ird  Creek and Worange P o in t tim e, fo r  which th e re  i s  no 
evidence o th e r  th an  th e  e x is te n c e  o f  a  la rg e  d e l ta  and i t s  landw ard 
f a c ie s  e q u iv a le n t. I t  may ju s t  a s  w ell be suggested  th a t  th e  s u b je c t 
c r u s ta l  segment became p a r t  o f  th e  s ta b le  c ra to n  a t  th e  b eg in n in g  o f  
L och ie l tim e, a s  in d ic a te d  by graben development o r  a  s in k in g  f a u l t  b a s in .
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The B e l lb ird  Creek -  Worange P o in t sequence may be c l a s s i f i e d  a s  e i th e r  
th e  ’’D e lta ic  re d  beds in  m obile b e l t s ” o r  ’’C oasta l p la in  -  t i d a l  f l a t  
re d  beds on c ra to n s ” . The e x is t in g  n o r th -so u th  mountain ch a in  (o r  
broad ep e iro g en ic  a x ia l  upw arps, King, 1958) must s t i l l  re p re se n t th e  
source a re a  f o r  th e  sed im en ts. A lthough topograph ic  h ighs had e x is te d  
to  th e  w est s in c e  th e  e x tru s io n  o f  th e  Eden R h y o lite  i t  took some tim e , 
p o ss ib ly  due to  low r a i n f a l l  o r perhaps to  th e  te c to n ic  com plica tion  o f 
graben development roughly  p e rp e n d ic u la r  to  th e  c o a s t l in e ,  b e fo re  
a p p re c ia b le  q u a n t i t ie s  o f  sedim ents reached  th e  edge o f  th e  c o n tin e n t 
and c o n s tru c tiv e  d e l ta ic  d e p o s it io n  o r  a  normal sedim entary  re g re s s io n  
commenced in  B e l lb ird  Creek tim e.
I f  th e  B e l lb ird  Creek -  Worange P o in t Form ations a re  co n sid e red  
to  re p re se n t c ra to n ic  ’’C oasta l p la in  -  t i d a l  f l a t  re d  b eds” fa c ie s  on 
a newly s t a b i l i z e d  p a r t  o f  th e  c ra to n , Van Houten ( 1961) c i t e s  numerous 
w orld-w ide com parable exam ples. A ll th e se  examples r e p re s e n t  e v a p o r ite -  
b e a r in g  sequences tak en  from th e  N orthern  Hemisphere and on ly  one o f  
th e  tw e n ty -s ix  examples c i t e d  i s  o f  pre-Perm ian age.
Suggested te c to n ic  h is to ry
Bega G ra n ite :
H all (1957) a ss ig n ed  to  th e  Bega G ran ite  a  Middle Devonian o r p o s t-  
Eden R h y o lite  ag e , on th e  b a s is  o f  an in t r u s iv e  c o n tac t between th e  
Gabo Is la n d  G ran ite  and th e  Eden R h y o lite , and th e  assum ption th a t  th e se  
two g r a n i t i c  b o d ies  a re  comagmatic.
Evemden & R ichards (1962) ra d io m e tr ic a l ly  d a ted  seven g ra n i te
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b o d ie s  o f  so u th e a s te rn  New South V ales (Bega g ra n o d io r i te ,  Bombala 
g ra n o d io r i te ,  Cooma g n e is s , A raluen g ra n o d io r i te ,  T inderra  g r a n i te ,  Bora 
g r a n i te ,  and Braidwood g ra n i te )  and o b ta in ed  Potassium -Argon ages ran g in g  
from 376 to  396 m il l io n  y e a rs  (376, 396, 382, 386, 378, 390 and 385 m .y .) 
For th e  p re se n t pu rposes th e se  ages may be reg ard ed  as  minimum v a lu es  
and must be r e l a t e d  to  one m ajor o rogen ic  p e r io d  in  so u th e a s te rn  New 
South Wales* The above age spectrum  i s  Lower Devonian, acco rd in g  to  th e  
most re c e n t Phanerozoic tim e s c a le  (H arland, e d . , 1964» Lower Devonian 
376 to  395 m .y .) Pidgeon & Compston ( 1965) * on th e  b a s is  o f  a  d e ta i le d  
Rubidium -Strontium  s tu d y , a s s ig n  a  Rb-Sr ra d io m e tric  age o f  415 -  12 m.y. 
to  th e  Cooma G ran ite , which re p re s e n ts  m id -S ilu r ia n . This d a te  i s  
thought to  re p re se n t the  tim e o f  fo rm ation  o f  th e  g ra n i te  o r  e ls e  th e  
tim e o f  rearrangem ent o f  ra d io g e n ic  s tro n tiu m  a f t e r  fo rm ation .
On th e  b a s is  o f  th e se  age d a te s  and n o tw ith s ta n d in g  H a l l ’ s f i e l d  
ev idence , which may be o f  lo c a l  s ig n if ic a n c e  o n ly , a  S ilu r ia n  to  Lower 
Devonian age must be a ss ig n e d  to  th e  Bega G ran ite  complex.
Comparison w ith  th e  L ate  C ainozoic o f  New Zealand:
The Q uaternary v o lc a n o - te c to n ic  h is to ry  o f  th e  C en tra l V olcanic
Region o f  th e  N orth  I s la n d  of New Zealand (Thompson, 1964) seems to
resem ble th e  sequence o f  Devonian even ts  in  th e  map a re a . There, a c id ic
b a s ic
voleanism  (a n d e s i te ,  ig n im b r ite , r h y o l i te )  i s  fo llow ed by/ e x tru s iv e s  
(d a c ite  and b a s a l t ) .  The voleanism  i s  a s s o c ia te d  w ith  graben fo rm ation  
and normal f a u l t s  which c u t a c ro ss  th e  e a r l i e r  r h y o l i t e  domes and pum ice- 
b re c c ia  d e p o s its . The b a s a l t s  occur w ith in  th e  g en e ra l graben s t r u c tu r e .  
The v o lc an ic  sequence i s  in te r c a la te d  w ith  Q uaternary  non-m arine and some
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marine beds at the coast. Prior to the erruption of the ignimbrites, 
uplift outlined the main greywacke ranges in the Pliocene, With regard 
to the unconformable contact between the Eden Rhyolite and the overlying 
strata, it is instructive to note that angular discordances have been 
noted between successive ignimbrite sheets in New Zealand.
On the basis of the present study of the Devonian tectonic framework 
and palaeo geo graphic environment, it is suggested that the Bega Granite 
is of pre-Eden Rhyolite age. If the intrusion of the granite is con­
sidered to signify the main orogenic phase prior to the molasse type 
deposition of the Devonian volcanics and red beds the sequence of tectonic 
events is then remarkably similar to the late Cainozoic events in the 
North Island of New Zealand (Table 30)»
The above interpretation is suggested with the full realization, 
familiar to geology, that there are no simple yes or no answers to seemingly 
simple questions which themselves arise from an incomplete and fragmentary 
understanding.
Terms such as "main orogenic" or "post-orogenic" represent hypo­
thetical concepts necessary for the purpose of communication. These terms, 
where applied, describe complex dynamic equilibria in which the rate of 
change of given, specific processes is continually varying. The sometimes 
coincidental but causal, simultaneous occurrence of maximal rate changes, 
and maximal intensities of a number of processes, results in observable 
phenomena which are then hesitantly referred to as "main orogenic", 
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CONCLUSIONS
I t  i s  concluded th a t  th e  th re e  m ajor aims o f  t h i s  study  have been 
accom plished* The s u b s id ia ry  aim o f  a  c o n tr ib u tio n  to  th e  knowledge o f  
r e d  beds i s  summarized in  th e  c h ap te r  ’’Red bed c o n s id e ra tio n s ” . A 
com bination o f  th e  co lo u r s t a t i s t i c s ,  l i th o lo g y , c u rre n t d ire c t io n s  and 
d e p o s it io n a l  environm ent in d ic a te s  th a t  in  th e se  t e r r e s t r i a l ,  s h o re lin e  
and shallow  w ater m arine d e p o s its  th e  re d  pigment o r ig in a te d  u p -p a laeo slo p e  
under s u b a e r ia l  c o n d itio n s  and was tra n sp o r te d  as  a  d e t r i t a l  component 
to  th e  f i n a l  p la c e  o f  d e p o s it io n . During subaqueous, d e l ta ic  and m arine 
dow n-palaeoslope and lo n g -sh o re  t r a n s p o r t  th e  re d  pigment su ffe re d  
p ro g re s s iv e  degrees o f  re d u c tio n , r e s u l t in g  in  p ro g re s s iv e ly  h igher 
p ro p o r tio n s  o f  drab in te rb e d s .
The co n c lu s io n s  in  re g a rd  to  th e  th re e  m ajor aims may be summarized 
a s  fo llow s:
(1 ) The d e ta i le d  u n d e rs tan d in g  o f  th e  d e p o s it io n a l environment and
te c to n ic  framework o f  th e  Devonian ro ck s  o f  so u th ea s te rn  New South 
Wales forms p a r t  o f  th e  b u lk  o f  t h i s  s tudy  and i s  d e a l t  w ith  
g e n e ra lly  in  th e  p reced in g  c h ap te r ’’In te r p r e t iv e  summary” .
(2 ) The d e ta i le d  o b se rv a tio n a l d a ta  in  re g a rd  to  th e se  A u s tra lia n
m olasse d e p o s its  should  be u se fu l in  re g a rd  to  s im ila r  s tu d ie s , a s  
in d ic a te d  by th e  ease  o f  c o r r e la t io n  w ith  contemporaneous m olasse 
d e p o s its  o u ts id e  o f  th e  map a re a . The rock  sequence re c o rd s  on ly  
one m ajor Upper Devonian tra n s g re s s io n . The comparison w ith  th e  
sequence o f  te c to n ic  even ts  o f  th e  l a t e  C ainozoic o f  New Zealand 
in d ic a te s  th a t  th e  Devonian ro ck s  s tu d ie d  may very  w ell re p re se n t
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molasse deposits in the same sense as the post-oro genic Quaternary 
sediments and extrusives of New Zealand. Present-day New Zealand 
has thus been used as a uniformitarian tectonic model. In dealing 
with post-orogenic deposits in the Southern Hemisphere it may some­
times be more fruitful to think of present-day New Zealand, 
particularly if only small, ancient continental blocks are indicated, 
rather than of the classical Alpine regions where molasse deposits 
have been defined originally.
(3) The recognition of sedimentation cycles in general, and fining-
upwards (Allen, 1965c) and coarsening-upwards cycles in particular, 
have been found most useful in this analysis. Several orders of 
such cycles may be superimposed. The present analysis and conclusions 
indicate that sufficiently is known today about terrestrial shore­
line and near-shore deposits to facilitate the application of this 
strictly uniformitarian model argument to any sequence of rocks. 
However, detailed models in regard to marine environments, particularly 
marine conglomerates and deep water marine deposits, are not too 
plentiful and lithostratigraphy will have to gear its advances to 
those in oceanography.
